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ABSTRACT
We conducted a 12-month monitoring campaign of 33 T Tauri stars (TTS) in Taurus.
Our goal was to monitor objects that possess a disk but have a weak Hα line, a common
accretion tracer for young stars, to determine whether they host a passive circumstellar
disk. We used medium-resolution optical spectroscopy to assess the objects’ accretion
status and to measure the Hα line. We found no convincing example of passive disks;
only transition disk and debris disk systems in our sample are non-accreting. Among
accretors, we find no example of flickering accretion, leading to an upper limit of 2.2%
on the duty cycle of accretion gaps assuming that all accreting TTS experience such
events. Combining literature results with our observations, we find that the reliability
of traditional Hα-based criteria to test for accretion is high but imperfect, particularly
for low-mass TTS. We find a significant correlation between stellar mass and the full
width at 10 per cent of the peak (W10%) of the Hα line that does not seem to be
related to variations in free-fall velocity. Finally, our data reveal a positive correlation
between the Hα equivalent width and its W10%, indicative of a systematic modulation
in the line profile whereby the high-velocity wings of the line are proportionally more
enhanced than its core when the line luminosity increases. We argue that this supports
the hypothesis that the mass accretion rate on the central star is correlated with the
Hα W10% through a common physical mechanism.
Key words: stars: variables: T Tauri, Herbig Ae/Be – circumstellar matter
1 INTRODUCTION
TTauri stars (TTS) are pre-main sequence stars with masses
M . 1.5M⊙. Many of these objects host circumstellar disks
that can be traced by the thermal emission of the dust they
contain (Haisch et al. 2001; Ribas et al. 2014). Sensitive in-
frared surveys with the Spitzer and Herschel observatories
have identified thousands of TTS with fully sampled spec-
tral energy distributions (SEDs) in nearby star-forming re-
gions and enabled statistical studies of the evolution of pro-
toplanetary disks (Williams & Cieza 2011; Alexander et al.
2014, and references therein). While most TTS present a
full-fledged excess extending from the near-infrared to the
⋆ E-mail: gduchene@berkeley.edu
millimeter regime, these surveys have also revealed a num-
ber of objects whose excess is significantly subdued, some-
times even completely absent, in the near- to mid-infrared
regime. Transition disks, in which the inner regions of the
disk are almost entirely devoid of dust (and gas), suggest
that the opening of an inner hole is an important step in
the disk dissipation process although the debate about the
physical mechanism(s) responsible for this hole opening is
still ongoing (Espaillat et al. 2014).
Dissipative forces in the gaseous component of proto-
planetary disks are responsible for angular momentum trans-
port in these disks, which ultimately leads to accretion on
the central stars (Bertout 1989; Hartmann et al. 2016). This
accretion process is believed to be magnetically mediated
and, as a side effect, is also responsible for the launching
c© 2016 The Authors
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of collimated jets (Bouvier et al. 2007). TTS displaying evi-
dence for accretion and mass loss are referred to as“classical”
TTS (CTTS). Equally young pre-main sequence stars with
no evidence for ongoing accretion are dubbed “weak-lined”
TTS (WTTS). For magneto-accretion to proceed, the cir-
cumstellar disk must extend all the way in to the co-rotation
radius, located just a few stellar radii away from the star.
In this picture, if an inner hole is carved out as part of
disk evolution, one expects accretion to stop. Indeed, in an
inside-out disk clearing picture, one expects accretion to stop
before a significant signature builds up in the system’s SED,
specifically a deficit of near-infrared excess. In other words,
while the presence of both a protoplanetary disk and on-
going accretion have been assumed to systematically come
hand-in-hand, it is possible that some objects may show
one but not the other. Indeed, the correlation between ac-
tive accretion and the presence of a full-fledged disk has
proven to be less automatic than initially expected. A num-
ber of significant infrared excess have been discovered among
WTTS (Padgett et al. 2006; Cieza et al. 2013; Fang et al.
2013) and some transitional disks have been found to ac-
crete at a rate comparable to that of normal CTTS (e.g.,
Najita et al. 2007). The former category is particularly in-
triguing as these “passive” (i.e., non-accreting) circumstellar
disks could represent a key initial stage of disk dissipation
(e.g., McCabe et al. 2006).
The energy deposited by accretion on the star is ra-
diated away via a combination of hot continuum and line
emission. As a consequence of the characteristic 104 K
temperature of accretion hotspot, most of the continuum
is emitted at ultraviolet wavelengths and observations in
this regime are the most sensitive and best quantita-
tive tracers of the mass accretion rate (Gullbring et al.
1998; Herczeg & Hillenbrand 2008; Rigliaco et al. 2011;
Ingleby et al. 2013). However, the intrinsically red colors of
TTS and the common presence of significant line-of-sight
extinction often preclude using this diagnostic of accretion.
Instead, line emission is the most commonly used tracer
of accretion in TTS. While many lines throughout the op-
tical and near-infrared wavelength range correlate tightly
with UV-determined accretion rates (Antoniucci et al. 2011;
Rigliaco et al. 2012), the Hα line remains the most com-
mon tracer of accretion by virtue of it being the strongest
emission line, despite significant ontribution from chromo-
spheric activity and stellar winds and outflows. In par-
ticular, TTS have long been characterized as accreting if
their Hα equivalent width (EW) exceeds a spectral type-
dependent threshold set to distinguish them from chro-
mospherically active stars (Barrado y Navascue´s & Mart´ın
2003, and references therein). However, it was later sug-
gested that the intrinsic linewidth, specifically W10%, is a
more accurate discriminator between accreting and non-
accreting TTS (White & Basri 2003; Natta et al. 2004) as
chromospheric activity is generally characterized by much
lower velocities than organized accretion flows. It must be
pointed out, however, that different studies yield somewhat
different accretion thresholds (Cieza et al. 2013; Fang et al.
2013). Nonetheless, the observed correlation between W10%
and the mass accretion rate has led to the notion that mea-
suring the line width of Hα can provide a quantitative es-
timate of the accretion rate (Natta et al. 2004). Consider-
ing the line-of-sight velocities involved, medium- to high-
resolution spectroscopy is necessary to measure W10%, so
that this quantity is generally not probed when perform-
ing reconnaissance surveys of TTS, leaving the EW as the
common, albeit imperfect, criterion used to determine the
accretion status of TTS.
Accretion on young stellar objects is a highly vari-
able phenomenon. Indeed, photometric variability was one
of the original criteria to identify such objects (Joy 1945;
Herbig 1960). Leaving aside the most extreme FUOri-like
outbursts (Audard et al. 2014), TTS are known to display
variability in their accretion rate on the order of 0.5 dex on
timescales ranging from hours to years (Alencar & Batalha
2002; Nguyen et al. 2009; Fang et al. 2013; Costigan et al.
2014; Venuti et al. 2014). In this context, it is plausible that
the apparent conundrum posed by WTTS with full fledged
disks could be a consequence of some extreme cases of vari-
ability. If the accretion rate varies so much as to effectively
flicker on and off, single epoch probes of accretion may not
yield the full picture for any particular object. However,
TTS for which the accretion flow is known to temporar-
ily pause altogether have proved remarkably elusive (e.g.,
Costigan et al. 2012), with only one relatively old (∼ 8Myr)
TTS being flagged as undergoing episodic accretion to date
(Murphy et al. 2011).
An alternative interpretation of the apparently passive
disks is that past spectroscopic classification was inaccurate.
It is possible, for instance, that self-absorption in the Hα
line profile, a common occurrence among CTTS, remains
undetected in low-resolution spectra, resulting in a low EW
for the emission line (Fang et al. 2013). In such cases, the
level of accretion can be more readily assessed by measuring
the Hα W10% if its correlation with accretion rate is rooted
in a physical mechanism. This could be particularly valuable
in the case of weakly accreting TTS, for which the UV excess
diagnostic is not easy to probe, especially for M-type objects
(Venuti et al. 2014).
Here we present the results of a 12-month medium-
resolution spectroscopic monitoring campaign aimed at
identifying permanently passive disks and/or disks experi-
encing flickering accretion in a sample of 31 disk-bearing
TTS in the Taurus star-forming region. The targets were se-
lected to represent as broad a diversity of accretion states as
possible, from apparently non-accreting WTTS to strongly
accreting CTTS. This paper is organized as follows: Sect. 2
discusses the choices made in the practical implementation
of this description, and Sect. 3 presents the observations and
data reduction details. The main results of this survey and
their analysis are presented in Sect. 4. Finally, we discuss
the lack of confirmed passive disks, the general variability
trends observed in this study, and the pertinence of the Hα
in assessing the accretion status of TTS in Sect. 5. Sect. 6
summarizes our main results.
2 SURVEY METHODOLOGY
2.1 Set-up of the campaign
2.1.1 Instrumental configuration
While observations dedicated to accurately measuring the
Hα line profile and W10% use high-resolution spectroscopy
(R & 25, 000), such settings require relatively long inte-
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gration times that are not amenable to extensive monitor-
ing campaigns of large samples. To circumvent this issue,
and obtain as many epochs as possible, we have instead
adopted a strategy based on a moderate spectral resolu-
tion. To estimate the spectral resolution necessary to achieve
our goal, we use a toy model in which the Hα line is ap-
proximated by a Gaussian profile, which is reasonable for
objects with relatively narrow emission lines. In this sit-
uation, the observed W10% of the line and its full width
at half maximum (FWHM) are connected via the relation-
ship W10% ≈ 1.82 FWHM. Thus, a W10% of 200 km.s
−1 (the
lowest proposed threshold demarcating accreting from non-
accreting TTS, Natta et al. 2004) corresponds to a FWHM
of 110 km.s−1. Such a line can be spectrally resolved if
R & 2, 700 (achieved during the majority of our observa-
tions), assuming high signal-to-noise ratio. This toy model,
which neglects the effects of instrumental line broadening
and limited spectral sampling, served as a coarse guideline
for selecting the instrumental set-ups used in the survey. In
Sect. 4.2, we present a quantitative analysis of the accuracy
of the W10% measurements using actual data.
While the primary focus of the survey is the Hα line (see
below), other accretion-related emission lines are present in
optical spectra of TTS (e.g., Herczeg & Hillenbrand 2008;
Fang et al. 2009; Rigliaco et al. 2012), providing additional
elements of analysis in cases where Hα measurements are
ambiguous (Jayawardhana et al. 2006). In particular, we
make use of the 5876 and 6678 A˚ He I emission lines. In ad-
dition, when a wide spectral coverage is available, we also
include the 8498–8662 A˚ Ca triplet, also directly connected
to accretion in TTS. Finally, we also consider the 6300 A˚
[O I] forbidden emission line, one of strongest tracers of mass
loss in young low-mass stars that indirectly reveals under-
lying accretion on the central object (Hartigan et al. 1995).
We note, however, that the detection of the [O I] line can be
ambiguous at the medium resolution adopted here, as atmo-
spheric glow also produces line emission. We thus put less
stock in that line than on the He I and Ca lines.
2.1.2 Temporal sampling
Since accretion is a highly variable process, it is neces-
sary to obtain a synoptic dataset covering a broad range
of timescales to accurately assess the status of any given
TTS (Nguyen et al. 2009; Costigan et al. 2014). To capture
this behavior, we have devised our monitoring campaign to
probe, roughly uniformly, a broad range of timescales, from
1day up to ∼1 yr. The latter upper limit was selected to
roughly match the dynamical (orbital) timescale at a dis-
tance of 1 au from the central source. Persistent accretion (or
absence thereof) over such a timescale indicates that, even
though the accretion flow may experience short-term fluctu-
ations, the overall inward flow of material within that region
remains stable (or absent) over dynamically long timescales.
2.2 Sample selection
This survey is focused on the Taurus-Auriga star-forming
region, arguably the best-studied population of TTS among
nearby molecular clouds. Understanding the frequency at
which passive disks and objects with flickering accretion are
present in that region will provide valuable insight for studies
of more distant star-forming regions, where most often only
single-epoch, modest spectral resolution studies are avail-
able.
Our sample selection started with the identification of
objects with a confirmed circumstellar disk, for which we
performed a thorough literature search of Hα EW measure-
ments. Based on this, we created the following 3 subsamples:
– candidate passive disk objects (9 targets), whose pub-
lished Hα EW measurements fall below the standard ac-
cretion threshold defined by Barrado y Navascue´s & Mart´ın
(2003);
– borderline objects (7 targets), whose Hα EW is within
1 and 2 times this threshold;
– a control sample (15 targets) of accreting TTS with
strong Hα EW.
In addition to these 31 targets with a confirmed disk,
we also observed 2 disk-less objects (UXTauC and MHO4)
with a late spectral type in order to test the fiability of
our Hα measurements. Indeed, in the case of weak emission
lines superimposed on a continuum dominated by deep pho-
tospheric features, larger uncertainties are associated with
these measurements due to uncertainties in estimating the
level of continuum emission at our intermediate spectral res-
olution.
Each of the subsamples defined above addresses a dis-
tinct question. The candidate passive disks are the most
intriguing and we wish to confirm the prima facie interpre-
tation of their published properties as being non-accreting
circumstellar disk. If confirmed, they would be in a rather
unique state. Alternatively, it may be that newer spec-
troscopic measurements, particularly considering the W10%
quantity, leads to a re-evaluation of the objects. The bor-
derline objects were selected to test the hypothesis that ac-
cretion may be flickering in objects with a relatively low
accretion rate (although we note that a moderate Hα EW
does not necessarily imply a low accretion rate). Finally, the
control sample was observed to understand the typical vari-
ability of “normal” TTS over the timescales and with the
observational probes used in this study.
As shown in Figure 1, most of our targets have near-
and mid-infrared colors typical of full-fledged TTS disks.
A few targets with little near-infrared ([K − 8]) excess but
modest-to-strong mid-infrared ([K − 24]) excess, generally
classified as transition disks, are included in this survey.
For a handful of targets, even though the Spitzer photom-
etry is incomplete, Luhman et al. (2010) were able to clas-
sify the objects as “class II”, with the exceptions of FWTau
and RXJ0432+1735. For these two objects, significant mid-
infrared, far-infrared excess and/or millimeter emission from
circumstellar dust has been confirmed (Andrews & Williams
2005; Wahhaj et al. 2010; Cieza et al. 2013; Howard et al.
2013). On the other hand, CZTau appears to have extremely
red colors, more typical of an embedded Class I source (this
source is further discussed in Sect. 5.1).
We further note that the distribution of spectral types
in our sample, from K0 to M6.5, is characteristic of the en-
tire Taurus population (e.g., Luhman et al. 2006). Similarly,
the ranges of visible brightness are similar for all three sub-
samples. Finally, as is typical for any sample of pre-main
sequence stars in Taurus, a significant fraction of our tar-
MNRAS 000, 1–25 (2016)
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Figure 1. Left: Hα EW from the literature as a function of spectral type for the targets in our sample. The dashed and dotted
line represent the canonical threshold for separating accreting from non-accreting TTauri stars (Barrado y Navascue´s & Mart´ın 2003)
and twice that value, respectively. Objects lying between those two lines are refered to as “borderline” objects since they lie close to the
threshold value, while those above the dotted line make up our control sample of strongly accreting objects. Red squares and green circles
indicate candidate passive disks and accreting objects, respectively. The two blue triangles are disk-less objects that we monitored to
serve as benchmark for non-accreting low-mass TTauri stars. Right: Power law indices to the mid-infrared part of the SED of members
of the Taurus star-forming region, from Luhman et al. (2010) : asterisks, plus signs and diamonds represent known Class III, II and
I, respectively. The samples targeted in this study are indicated by filled green circles (“borderline” and control sample targets), red
squares (candidate passive disks) and blue triangles (disk-less targets). The gray horizontal band and vertical line mark the threshold for
assessing the presence of significant infrared excess, as defined by Luhman et al. (2010). Five targets have incomplete Spitzer photometry
and cannot be placed in this diagram. Their inclusion in our survey is discussed in Sect. 2.2.
gets (12/33) are members of multiple systems, with sepa-
rations ranging from 75 to 2000 au. Systems with projected
separation below ≈ 2′′ are liable to source confusion in our
seeing-limited observations, and care must be taken when
interpreting the system-integrated spectra we obtain here
(see Sect.4).
As discussed above, the Hα line is not guaranteed to
be a perfect tracer of accretion, so the W/C TTS classifi-
cation can only be considered a first attempt at assessing
the accretion status of our targets. Fortunately, the rich
literature on the Taurus-Auriga star-forming region pro-
vides us with more discriminating observations, such as the
presence of UV excess and/or veiling of photospheric lines
across the visible range. We explored the results of UV ex-
cess searches (Muzerolle et al. 1998; White & Ghez 2001;
Valenti et al. 2003; Ingleby et al. 2013), veiling in the blue
optical (Valenti et al. 1993), and veiling in the red optical
(White & Basri 2003; Herczeg & Hillenbrand 2008, 2014)
for all of our targets. If a target was found to have evi-
dence for accretion in any of these observations, it is classi-
fied as an a priori accretor. In the absence of observations
in the UV or blue optical, the veiling in the red optical is
the only available element. However, since no red veiling
is sometimes found in UV-confirmed accretors, the classi-
fication based on red veiling alone is considered uncertain
in case of a non-detection. Finally, we note that MHO5 is
classified as a ”possible accretor” by Herczeg & Hillenbrand
(2008), i.e., its status remains uncertain.
The main properties of all sources monitored in this
program are presented in Table 1.
3 OBSERVATIONS AND DATA REDUCTION
The observations were gathered at the Calar Alto (CAHA)
3.5m telescope, the 4.2m William Herschel Telescope
(WHT), the San Pedro Martir (SPM) 2.1m telescope and
the Lick Observatory Shane 3m telescope, using their re-
spective optical spectrographs. The gratings used for the
observations, and the resulting spectral resolution (as well
as the W10% measured on isolated lines in the spectra of arc
lamps), are summarized in Table 2. The spectral resolution
of the observations obtained with the WHT/ISIS R185R
grating is too low to measure any intrinsic line width and
we only measure the EW of emission lines. Slit widths of 1′′
to 2′′ were used, depending primarily on seeing conditions.
Apart for the cases of close binaries, the slit was oriented
along the paralactic angle to minimize the effects of differ-
ential atmospheric refraction.
Data were obtained during nine separate nights in Fall
2009, supplemented by a 4-night run in Fall 2010 during
which the most interesting objects were observed to achieve
a 1 yr total time baseline. The UXTau A–C pair (2.′′7 sep-
aration) could only be resolved during the nights with the
best seeing, resulting in poorer sampling for the faint sec-
ondary. Overall, our survey covers timescales ranging from
1 to ≈ 60 d for most targets, almost uniformly, in addition
to the 1 yr longer baseline for the objects observed in Fall
2010. In some cases, multiple spectra of the same target
were obtained consecutively to improve on-sky efficiency.
However, because these are always for bright targets with
high signal-to-noise, we do not use them to probe variability
of timescales .5min; we only used these spectra to reject
cosmic-ray hits and uncorrected bad pixels.
The raw data products from all instruments used in this
survey are very similar in their structure. We thus used the
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Table 1. Observed sample. Spectral types and SED class are adopted from Herczeg & Hillenbrand (2014) unless otherwise stated. The
literature TTS classification is based on the strength of the Hα line relative to the spectral type-dependent accretion threshold defined by
Barrado y Navascue´s & Mart´ın (2003). The presence of UV excess and/or optical veiling is taken from the literature (see Sect. 2.2). The
multiplicity flag indicates single (S), binary (B), triple (T) and quadruple (Q) systems; only companions out to projected separations up
to 2000AU are considered. Nspec is the number of spectra obtained in this study, separated in time by a maximum of ∆tmax. References
for Hα measurements: (1) Herbig & Bell (1988); (2) White & Ghez (2001); (3) Wahhaj et al. (2010); (4) Strom & Strom (1994); (5)
Beckwith et al. (1990); (6) Bricen˜o et al. (1998); (7) Hartigan et al. (1994); (8) Nguyen et al. (2009). Individual notes: (a) Far-infrared
and mm excess (Andrews & Williams 2005; Howard et al. 2013); (b) Wichmann et al. (1996); (c) 24µm and 70µm excess (Wahhaj et al.
2010; Cieza et al. 2013); (d) Luhman et al. (2010).
Object Sp.T. R EW(Hα) Hα Ref. Litt. Classification Accretor Mult. Nspec ∆tmax
[mag] [A˚] TTS UV/veiling SED in this survey [days]
Candidate passive disks
CoKu Tau 4 M1 14.48 -1.8 1 W N? II N B 11 372
CZ Tau M4 14.77 -4.0 1 W N II N? B 11 373
FW Tau M6 14.80 -11.6 2 W N II/IIIa N T 11 372
HQ Tau K2 11.18 -2 8 W N? II Y S 11 372
IQ Tau M1 12.28 -7.7 1 W Y II Y S 8 60
RX J0432.8+1735 M2b . . . -1.9 3 W . . . IIc N S 11 372
V410 Tau X-ray 6 M6 15.08 -9.2 4 W . . . II N? S 10 372
V819 Tau K8 12.24 -1.7 1 W Y II N S 11 372
V836 Tau M1 12.17 -9 1 W Y II Y S 11 373
Borderline objects
CX Tau M2.5 12.65 -20 1 C Y II Y S 8 60
DN Tau M0.5 11.49 -12 1 C Y II Y S 9 370
FN Tau M3.5 14.68 -25 1 C N II Y? S 6 361
GH Tau M2.5 11.77 -15 2 C Y II Y B 5 57
IP Tau M0.5 12.46 -11 1 C Y II Y S 8 60
MHO 5 M6.5 16.23 -50 6 C Y? II Y S 10 373
V807 Tau K7.5 10.07 -13 1 C Y II Y T 8 60
Control sample - Disk
BP Tau M0.5 11.62 -40 4 C Y II Y S 8 60
CY Tau M2.5 12.35 -70 1 C Y II Y S 8 60
DE Tau M2.5 11.69 -54 4 C Y II Y S 8 60
DH Tau M2.5 13.59 -53 1 C Y II Y B 7 369
DS Tau M0.5 11.56 -59 1 C Y II Y S 8 60
FM Tau M4.5 13.64 -62 7 C Y II Y S 9 370
FP Tau M2.5 12.72 -38 1 C Y II Y S 8 60
FQ Tau M4.5 13.68 -114 4 C Y II Y B 5 57
FY Tau M0 14.17 -59 1 C Y II Y S 8 60
FZ Tau M0.5 13.83 -204 1 C Y II Y S 4 57
GI Tau M0.5 12.15 -20 7 C Y II Y T 8 60
GK Tau K3 11.58 -22 7 C Y II Y T 8 60
LkCa 15 K5.5 11.61 -13 1 C Y II Y S 8 60
UX Tau A K0 10.48 -9.5 2 C Y II Y Q 9 371
V710 Tau M3.5 12.50 -48 1 C N? II Y B 8 370
Control sample - Disk-less
MHO 4 M7d 16.36 -42 6 W N? III Y? S 11 373
UX Tau C M3 15.11 -8.5 2 W N? III N Q 7 60
same data reduction pipeline to all datasets, with only minor
adjustments. First, a bias frame was subtracted from the raw
spectral frames before a flat field correction (based on the
spectrum of a broad spectral lamp in the dome or within the
calibration unit of the instrument) was applied. Second, the
raw one-dimensional spectrum of the target was extracted
from the two-dimensional frame using a fixed-width window
centered on the position of the star at each pixel along the
dispersion axis. An estimate of the sky background emission,
determined using the median of adjacent pixels along the slit
direction, was then subtracted, taking advantage of the fact
that the spatial and spectral axes are nearly perpendicular
for all spectrographs used in this study. The wavelength cal-
ibration was established using the spectra of arc lamps. In
the case of the KAST spectrograph, both the flat-field cor-
rection and the wavelength calibration had to be conducted
for every individual target to compensate for the effects of
flexures, which are particularly large in the red arm of this
instrument.
The spectra were then corrected for airmass using at-
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Table 2. Instrumental setup. W inst
10%
indicates the measured width at 10 per cent of the peak of isolated emission lines around the
wavelength of the Hα line from the spectra of calibration (arc) lamps.
Telescope Instrum. + Grating Bandpass [A˚] Sampling [A˚] R W inst
10%
[km.s−1] Obs. Date
CAHA 3.5m TWIN + T06 5870–7030 0.55 4860 135±5 2009/10/27
CAHA 3.5m TWIN + T07 5870–9100 1.64 2020 335±10 2009/11/23, 2009/12/10
WHT ISIS + R600R 5720–7800 0.49 4560 125±5 2009/10/30–31, 2009/12/26
WHT ISIS + R158R 4780–9700 1.82 400 900±30 2009/11/07
SPM 2.1m Boller&Chivens 5400-7600 2.07 1780 360±5 2009/12/02–03
Lick 3m KAST + #4 5800–7200 1.18 2770 260±10 2010/11/11–14
mospheric absorption profiles appropriate for each observa-
tory. This step is not aimed at fully suppressing all telluric
absorption features but rather to remove the overall color
trend induced by the atmosphere, by bringing all spectra
to a uniform airmass (of unity). Finally, atmospheric ab-
sorption features were estimated from the ratio of the ob-
served to the absolute spectra of several early-type spectro-
scopic standards. While such an approach results, in princi-
ple, in an absolute spectrophotometric calibration, our ob-
serving strategy (e.g., fixed slit width throughout the night
despite sometimes varying seeing conditions, slit orientation
not fixed to the parallactic angle) as well as the occasional
presence of thin clouds, precluded such a calibration. Our
program, which is focused on the width and EW of emis-
sion lines but not on their absolute luminosity, nor on the
precise continuum shape of each spectrum, is insensitive to
the approximative precision of this process. The final spec-
tra usually achieve high signal-to-noise ratio (SNR) in the
vicinity of the Hα line, with 96%, 90% and 80% or our spec-
tra exceeding SNR=50, 75 and 100 per resolution element,
respectively (see Table 3).
4 RESULTS
4.1 Raw emission line measurements
The primary spectral feature studied here is the Hα emis-
sion line, which is detected in all spectra of all sources. To
derive its EW and W10%, the continuum was interpolated
linearly from surrounding spectral regions before estimating
the wavelengths marking the limits of the emission line. The
line EW and W10% were then directly measured using linear
interpolation in the wings of the line. Raw (measurement)
uncertainties were estimated by allowing the line boundaries
to vary within conservative ranges. Uncertainties on the line
EW are on the order of 2 percent, albeit with a“floor”uncer-
tainty of 0.1 A˚ for the weakest lines. Typical uncertainties on
W10% range from 5 to 20 km.s
−1. The EW of several other
emission lines, listed in Section 2.1, as well as the EW of
the Li 6707 absorption line, were measured using the same
method; the results are reported in Table 3. These are always
weak and spectrally unresolved in our spectra.
The W10% estimates we obtain are affected by instru-
mental effects, the most immediate of which is line broad-
ening due to the limited spectral resolution of our data. To
correct for this effect, we assume that the convolution of
the intrinsic stellar spectrum by the instrumental spectral
response readily translates in a quadratic sum of the line
widths both for their FWHM and W10%. Implicitly, the un-
derlying hypothesis is that both the intrinsic emission line
profile and the instrumental response can be approximated
by Gaussian profiles. The spectral profile of isolated lines
in the spectra of arc lamps supports this assumption, and
we use those to evaluate W inst10%. Emission lines in the spec-
tra of TTS, on the other hand, can be complex and de-
part from simple Gaussian profiles, particularly in the case
of Hα. Nonetheless, in the case of relatively narrow lines
(W10% . 200 km.s
−1), this is a reasonable assumption and
thus validates our approach. In cases where the line is intrin-
sically much broader, the broadening induced by the instru-
mental resolution is small, and so a departure from a Gaus-
sian line profile has limited consequences on the measured
W10%. We then proceed to quadratically subtractW
inst
10% from
all the rawW10% estimates to correct them from instrumen-
tal line broadening. If the raw estimate ofW10% is lower than
W inst10%, precluding this approach, we place an upper limit
on the intrinsic W10% by generating 100,000 random gen-
eralizations of both quantities according to their associated
uncertainty and adopt the 99.7 percentile of the resulting
distribution of instrument-corrected W10% estimates as 3σ
upper limits.
MNRAS 000, 1–25 (2016)
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Figure 2. All spectra for four of the targets in this survey, each normalized by a low order polynomial function. Vertical tick marks
indicate the Hα (long black tick), the 6300 A˚ [O I], 5876 A˚ and 6678 A˚ He I emission lines (long gray ticks) and the 6707 A˚ Li photospheric
absorption line (short gray tick). The gap around 6900 A˚ corresponds to a region of poor atmospheric transmission in which data quality
is severely affected. In a few cases, the polynomial fit was imperfect, resulting in incorrect continuum slope (e.g., CZTau on 2009 Nov
23).
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Table 3. Spectral line measurements. The last line for each object provides the average and standard deviation of all Hα EW and W10% measurements (or the median upper limit on
W10% in the case of objects where most spectra did not yield a detection), as well as the average and standard deviation of the mean for all detections of the Li 6707 detections. The
SNR listed in the third column is estimated in the 6400–6700 A˚ range and is reported on a per resolution element basis. The ”accretor” status (14th column) is explained in Sect. 4.5.
Target Date SNR EW(Hα) W10% Asym. Other Emission Lines EW [A˚] Li 6707 EW Accretor
[A˚] [km.s−1] Profile He I 5876 [O I] 6300 He I 6678 Ca 8498 Ca 8542 Ca8662 [A˚]
CoKuTau4 2009 Oct 27 117 1.4
+ 0.1
− 0.2
138
+ 49
− 48
N . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.59±0.05 N
2009 Oct 30 138 0.9
+ 0.2
− 0.1
< 125 N ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.57±0.05 N
2009 Oct 31 213 0.9
+ 0.1
− 0.2
< 125 N ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.58±0.05 N
2009 Nov 07 261 1.0±0.2 . . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 N
2009 Nov 23 157 0.8±0.2 < 200 N ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.48±0.10 N
2009 Dec 03 76 0.8
+ 0.1
− 0.2
< 200 N ≥ -0.45 ≥ -0.45 ≥ -0.45 . . . . . . . . . 0.50±0.15 N
2009 Dec 10 153 0.9±0.1 < 200 N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.41±0.10 N
2009 Dec 26 105 1.1±0.1 158
+ 49
− 48
N . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.62±0.05 N
2010 Nov 11 126 1.1±0.1 < 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.55±0.10 N
2010 Nov 12 172 1.1±0.1 < 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.40±0.10 N
2010 Nov 13 205 1.3
+ 0.2
− 0.1
< 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.48±0.10 N
weighted average 1.0±0.2 < 175 0.56±0.02 N
CZTau 2009 Oct 27 107 5.4
+ 0.1
− 0.2
< 125 N . . . -0.27±0.05 ≥ -0.15 . . . . . . . . . 0.26±0.05 N?
2009 Oct 30 102 4.7±0.1 < 125 N ≥ -0.15 -0.16±0.05 ≥ -0.15 . . . . . . . . . 0.37±0.05 N?
2009 Oct 31 141 4.2±0.1 < 125 N ≥ -0.15 -0.44±0.05 ≥ -0.15 . . . . . . . . . 0.38±0.05 N?
2009 Nov 07 99 2.6
+ 0.2
− 0.1
. . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 N
2009 Nov 23 108 5.2±0.3 < 200 N ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≤ 0.30 N
2009 Dec 03 56 3.5
+ 0.1
− 0.3
< 200 N ≥ -0.45 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 N
2009 Dec 10 184 4.0
+ 0.1
− 0.3
< 200 N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≤ 0.30 N
2009 Dec 26 94 4.5±0.1 < 125 N . . . -1.50±0.05 ≥ -0.15 . . . . . . . . . 0.29±0.05 N?
2010 Nov 11 126 4.2
+ 0.4
− 0.1
< 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.42±0.10 N
2010 Nov 12 107 3.8
+ 0.4
− 0.1
< 175 N ≥ -0.30 -0.48±0.10 ≥ -0.30 . . . . . . . . . 0.40±0.10 N?
2010 Nov 14 93 3.9
+ 0.2
− 0.1
< 175 N ≥ -0.30 -0.47±0.10 ≥ -0.30 . . . . . . . . . 0.36±0.10 N?
weighted average 4.2±0.9 < 175 0.34±0.02 N?
FWTau 2009 Oct 27 109 17.7±0.5 141
+ 24
− 25
N . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.49±0.05 N
2009 Oct 30 132 12.5
+ 0.2
− 0.5
< 125 N ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.35±0.05 N
2009 Oct 31 143 13.6
+ 0.1
− 0.3
< 125 N ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.41±0.05 N
2009 Nov 07 55 15.4
+ 0.3
− 0.4
. . . . . . ≥ -0.90 ≥ -0.90 ≥ -0.90 ≥ -0.90 ≥ -0.90 ≥ -0.90 ≤ 0.90 N
2009 Nov 23 157 15.6±0.5 < 200 N ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.36±0.10 N
2009 Dec 03 55 13.1
+ 0.2
− 0.4
< 200 N ≥ -0.45 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 N
2009 Dec 10 197 11.7±0.5 < 200 N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.33±0.10 N
2009 Dec 26 83 12.3
+ 0.2
− 0.5
156±25 N . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.39±0.05 N
2010 Nov 11 96 13.3±1.0 < 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.45±0.10 N
2010 Nov 12 142 13.0±1.0 < 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.35±0.10 N
2010 Nov 13 99 10.7±1.0 < 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.53±0.10 N
weighted average 13.5±2.1 < 175 0.41±0.02 N
HQTau 2009 Oct 27 240 3.3±0.1 545±29 Y . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.25±0.05 Y
2009 Oct 30 345 2.8
+ 0.1
− 0.2
522
+ 29
− 34
Y ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.30±0.05 Y
2009 Oct 31 230 1.6±0.1 352±29 Y ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.37±0.05 Y
2009 Nov 07 353 2.7
+ 0.1
− 0.3
. . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 Y?
2009 Nov 23 139 2.7
+ 0.1
− 0.3
370
+ 45
− 52
N ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≤ 0.30 Y?
2009 Dec 03 85 4.9
+ 0.1
− 0.2
494
+ 43
− 49
N ≥ -0.45 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y?
2009 Dec 10 132 2.2
+ 0.1
− 0.2
324
+ 47
− 51
N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≤ 0.30 Y?
2009 Dec 26 136 2.5±0.1 496
+ 29
− 31
Y . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.29±0.05 Y
2010 Nov 11 162 4.3
+ 0.1
− 0.2
468
+ 37
− 41
Y ≥ -0.30 -0.31±0.10 ≥ -0.30 . . . . . . . . . 0.34±0.10 Y
2010 Nov 12 197 4.1
+ 0.1
− 0.2
416
+ 37
− 41
Y ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.30±0.10 Y
2010 Nov 13 171 4.2
+ 0.1
− 0.3
395
+ 37
− 40
Y ≥ -0.30 -0.48±0.10 ≥ -0.30 . . . . . . . . . ≤ 0.30 Y
weighted average 3.2±1.2 450±78 0.30±0.02 Y
M
N
R
A
S
0
0
0
,
1
–
2
5
(2
0
1
6
)
P
a
ssive
p
ro
to
p
la
n
eta
ry
d
isks
in
T
a
u
ru
s-A
u
riga
9
Table 3 – continued Spectral line measurements.
Target Date SNR EW(Hα) W10% Asym. Other Emission Lines EW [A˚] Li 6707 EW Accretor
[A˚] [km.s−1] Profile He I 5876 [O I] 6300 He I 6678 Ca8498 Ca8542 Ca8662 [A˚]
IQTau 2009 Oct 27 86 11.6
+ 0.4
− 0.6
373
+ 14
− 15
Y . . . -1.31±0.05 -0.22±0.05 . . . . . . . . . 0.54±0.05 Y
2009 Oct 30 143 8.7
+ 0.1
− 0.3
386
+ 12
− 14
Y ≥ -0.15 -1.21±0.05 ≥ -0.15 . . . . . . . . . 0.55±0.05 Y
2009 Oct 31 210 10.5
+ 0.5
− 0.6
368
+ 14
− 15
Y -0.23±0.05 -1.30±0.05 ≥ -0.15 . . . . . . . . . 0.57±0.05 Y
2009 Nov 07 307 12.0
+ 0.1
− 0.4
. . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 Y
2009 Nov 23 218 42.9±4.0 555
+ 20
− 27
N -2.34±0.10 -1.53±0.10 ≥ -0.30 -3.65±0.10 -3.35±0.10 -2.88±0.10 0.33±0.10 Y
2009 Dec 02 88 24.5
+ 0.1
− 0.6
411±19 N -3.13±0.15 -0.64±0.15 ≥ -0.45 . . . . . . . . . 0.48±0.15 Y
2009 Dec 10 269 19.3
+ 0.3
− 0.2
618
+ 19
− 27
N . . . -0.45±0.10 -0.50±0.10 -4.80±0.10 -5.34±0.10 -4.35±0.10 ≤ 0.30 Y
2009 Dec 26 92 9.5
+ 0.2
− 0.6
419
+ 14
− 13
Y . . . -1.27±0.05 -0.16±0.05 . . . . . . . . . 0.54±0.05 Y
weighted average 17.4±13.3 417±104 0.54±0.02 Y
RXJ0432+1735 2009 Oct 27 120 1.6
+ 0.1
− 0.2
< 125 N . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.66±0.05 N
2009 Oct 30 140 1.2±0.1 < 125 N ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.62±0.05 N
2009 Oct 31 129 1.4
+ 0.1
− 0.3
< 125 N ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.65±0.05 N
2009 Nov 07 175 1.1±0.1 . . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 N
2009 Nov 23 120 1.3±0.1 < 200 N ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.51±0.10 N
2009 Dec 03 58 1.4±0.1 < 200 N ≥ -0.45 ≥ -0.45 ≥ -0.45 . . . . . . . . . 0.47±0.15 N
2009 Dec 10 148 1.3
+ 0.1
− 0.2
< 200 N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.42±0.10 N
2009 Dec 26 90 1.4±0.1 < 125 N . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.64±0.05 N
2010 Nov 11 147 1.6
+ 0.1
− 0.3
< 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.57±0.10 N
2010 Nov 12 144 1.7±0.1 < 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.48±0.10 N
2010 Nov 13 173 1.6±0.1 < 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.48±0.10 N
weighted average 1.6±0.2 < 175 0.60±0.02 N
V410TauX-ray 6 2009 Oct 27 57 7.8
+ 0.1
− 0.2
< 125 N . . . -0.57±0.05 ≥ -0.15 . . . . . . . . . 0.25±0.05 N?
2009 Oct 30 73 7.1
+ 0.1
− 0.2
< 125 N ≥ -0.15 -0.52±0.05 ≥ -0.15 . . . . . . . . . 0.32±0.05 N?
2009 Oct 31 79 7.4
+ 0.1
− 0.3
127
+ 26
− 28
N ≥ -0.15 -0.90±0.05 ≥ -0.15 . . . . . . . . . 0.37±0.05 N?
2009 Nov 07 58 6.9±0.3 . . . . . . ≥ -0.90 ≥ -0.90 ≥ -0.90 ≥ -0.90 ≥ -0.90 ≥ -0.90 ≤ 0.90 N
2009 Nov 23 179 7.0
+ 0.2
− 0.3
< 200 N ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≤ 0.30 N
2009 Dec 10 169 6.5
+ 0.2
− 0.4
< 200 N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≤ 0.30 N
2009 Dec 26 60 9.5
+ 0.1
− 0.2
125
+ 25
− 26
N . . . -0.88±0.05 ≥ -0.15 . . . . . . . . . 0.29±0.05 N?
2010 Nov 11 64 6.9±0.3 < 175 N ≥ -0.30 -1.55±0.10 ≥ -0.30 . . . . . . . . . 0.30±0.10 N?
2010 Nov 12 84 7.4±0.2 < 175 N ≥ -0.30 -0.95±0.10 ≥ -0.30 . . . . . . . . . 0.35±0.10 N?
2010 Nov 13 33 7.5±0.5 < 175 N ≥ -0.30 -1.65±0.10 ≥ -0.30 . . . . . . . . . 0.36±0.10 N?
weighted average 7.4±0.8 < 175 0.31±0.02 N?
V819Tau 2009 Oct 27 111 2.0±0.1 141±39 N . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.56±0.05 N
2009 Oct 30 161 1.8
+ 0.1
− 0.2
146
+ 38
− 41
N ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.54±0.05 N
2009 Oct 31 181 1.1±0.1 < 125 N ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.56±0.05 N
2009 Nov 07 317 1.5±0.1 . . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 N
2009 Nov 23 139 1.3±0.1 < 200 N ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.53±0.10 N
2009 Dec 02 89 1.5±0.1 < 200 N ≥ -0.45 ≥ -0.45 ≥ -0.45 . . . . . . . . . 0.47±0.15 N
2009 Dec 10 134 1.5±0.1 < 200 N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.48±0.10 N
2009 Dec 26 144 1.4±0.1 < 125 N . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.56±0.05 N
2010 Nov 11 115 1.5±0.1 < 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.45±0.10 N
2010 Nov 12 116 1.2±0.1 < 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.41±0.10 N
2010 Nov 13 139 1.4±0.1 < 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.44±0.10 N
weighted average 1.5±0.3 < 175 0.53±0.02 N
V836Tau 2009 Oct 27 131 17.9
+ 0.4
− 0.3
278±13 N . . . -0.52±0.05 ≥ -0.15 . . . . . . . . . 0.57±0.05 Y?
2009 Oct 30 168 20.8
+ 0.2
− 0.5
279
+ 12
− 13
N -0.44±0.05 -0.48±0.05 ≥ -0.15 . . . . . . . . . 0.56±0.05 Y
2009 Oct 31 157 75.3
+ 1.0
− 3.5
387
+ 12
− 14
Y -1.91±0.05 -0.85±0.05 -0.40±0.05 . . . . . . . . . 0.46±0.05 Y
2009 Nov 07 333 24.9
+ 0.2
− 1.1
. . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 Y?
2009 Nov 23 147 33.7
+ 0.5
− 1.5
356
+ 21
− 25
N -1.34±0.10 -0.50±0.10 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.33±0.10 Y
2009 Dec 03 64 20.9
+ 0.3
− 0.7
329
+ 20
− 24
N -1.13±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . 0.50±0.15 Y
2009 Dec 10 176 27.3
+ 0.2
− 0.3
354
+ 20
− 21
N . . . -0.57±0.10 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.31±0.10 Y?
2009 Dec 26 102 29.8
+ 0.2
− 0.7
334
+ 12
− 13
N . . . -0.79±0.05 ≥ -0.15 . . . . . . . . . 0.47±0.05 Y?
2010 Nov 12 168 19.3
+ 0.1
− 0.4
269
+ 18
− 19
N ≥ -0.30 -0.44±0.10 ≥ -0.30 . . . . . . . . . 0.38±0.10 Y?
2010 Nov 13 137 25.8
+ 0.4
− 0.9
308
+ 18
− 19
N ≥ -0.30 -0.33±0.10 ≥ -0.30 . . . . . . . . . 0.44±0.10 Y?
2010 Nov 14 116 22.0
+ 0.2
− 0.4
218±19 N -0.45±0.10 -1.13±0.10 ≥ -0.30 . . . . . . . . . 0.43±0.10 Y
weighted average 28.9±17.2 312±51 0.48±0.02 Y
M
N
R
A
S
0
0
0
,
1
–
2
5
(2
0
1
6
)
1
0
G
.
D
u
ch
eˆn
e
et
a
l.
Table 3 – continued Spectral line measurements.
Target Date SNR EW(Hα) W10% Asym. Other Emission Lines EW [A˚] Li 6707 EW Accretor
[A˚] [km.s−1] Profile He I 5876 [O I] 6300 He I 6678 Ca 8498 Ca 8542 Ca8662 [A˚]
CXTau 2009 Oct 27 162 5.4±0.1 324
+ 17
− 18
Y . . . -0.21±0.05 ≥ -0.15 . . . . . . . . . 0.47±0.05 Y
2009 Oct 30 131 4.0±0.1 410
+ 16
− 23
Y ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.60±0.05 Y
2009 Oct 31 204 5.1±0.1 335±16 Y ≥ -0.15 -0.21±0.05 ≥ -0.15 . . . . . . . . . 0.62±0.05 Y
2009 Nov 07 150 5.7±0.1 . . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60
2009 Nov 23 228 6.2±0.3 341±26 Y ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.36±0.10 Y
2009 Dec 02 119 11.1
+ 0.2
− 0.3
419
+ 30
− 34
N ≥ -0.45 ≥ -0.45 ≥ -0.45 . . . . . . . . . 0.53±0.15 Y?
2009 Dec 10 161 10.6±0.2 451
+ 25
− 27
N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.40±0.10 Y?
2009 Dec 26 136 9.2±0.1 467
+ 16
− 19
Y . . . -0.22±0.05 ≥ -0.15 . . . . . . . . . 0.58±0.05 Y
weighted average 7.2±3.2 385±59 0.55±0.02 Y
DNTau 2009 Oct 27 169 7.8
+ 0.2
− 0.1
177
+ 16
− 13
N . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.59±0.05 Y?
2009 Oct 30 250 9.4±0.1 216
+ 15
− 13
N -0.38±0.05 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.54±0.05 Y
2009 Oct 31 233 8.6
+ 0.1
− 0.2
232
+ 14
− 15
N -0.28±0.05 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.57±0.05 Y
2009 Nov 07 276 8.8
+ 0.4
− 0.2
. . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 Y?
2009 Nov 23 122 8.5±0.1 226±24 N -0.88±0.10 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.48±0.10 Y
2009 Dec 03 174 11.1±0.1 < 200 N -0.72±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . 0.45±0.10 Y
2009 Dec 10 159 7.4
+ 0.1
− 0.2
213
+ 24
− 28
N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.42±0.10 Y?
2009 Dec 26 196 9.4±0.1 236
+ 16
− 14
N . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.51±0.05 Y?
2010 Nov 11 172 11.9±0.1 < 175 N -0.75±0.10 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.48±0.10 Y
weighted average 9.2±1.5 216±21 0.53±0.02 Y
FNTau 2009 Nov 07 108 17.5±0.1 . . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 Y?
2009 Dec 02 60 14.1
+ 0.1
− 0.4
< 200 N -0.60±0.15 -0.71±0.15 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2009 Dec 26 144 27.2
+ 0.2
− 0.3
188±17 N . . . -1.37±0.05 ≥ -0.15 . . . . . . . . . 0.51±0.05 Y?
2010 Nov 11 102 15.7±0.1 < 175 N -0.52±0.10 -0.88±0.10 ≥ -0.30 . . . . . . . . . 0.41±0.10 Y
2010 Nov 12 129 16.9±0.1 < 175 N -0.43±0.10 -1.07±0.10 ≥ -0.30 . . . . . . . . . 0.60±0.10 Y
2010 Nov 13 167 15.0±0.1 < 175 N -0.35±0.10 -0.74±0.10 ≥ -0.30 . . . . . . . . . 0.40±0.10 Y
weighted average 17.7±4.8 < 175 N 0.49±0.04 Y
GHTau 2009 Oct 30 136 16.7
+ 0.8
− 0.7
449
+ 17
− 16
Y -0.22±0.05 -0.21±0.05 ≥ -0.15 . . . . . . . . . 0.57±0.05 Y
2009 Oct 31 223 11.0
+ 0.3
− 0.4
450
+ 15
− 16
Y ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.58±0.05 Y
2009 Nov 07 158 21.8±0.1 . . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 Y?
2009 Dec 03 90 16.7
+ 0.1
− 0.3
530
+ 21
− 22
N ≥ -0.45 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2009 Dec 26 124 16.2
+ 0.4
− 0.7
477
+ 14
− 16
Y . . . -0.35±0.05 ≥ -0.15 . . . . . . . . . 0.47±0.05 Y
weighted average 16.5±3.8 < 175 0.54±0.03 Y
IPTau 2009 Oct 27 106 12.9
+ 0.1
− 0.6
297
+ 12
− 15
N . . . -0.31±0.05 ≥ -0.15 . . . . . . . . . 0.53±0.05 Y?
2009 Oct 30 189 14.7
+ 0.3
− 0.5
292
+ 12
− 16
N -0.67±0.05 -0.32±0.05 ≥ -0.15 . . . . . . . . . 0.46±0.05 Y
2009 Oct 31 170 13.4
+ 0.2
− 0.4
413±13 Y −0.33 ± 0.05 -0.19±0.05 ≥ -0.15 . . . . . . . . . 0.45±0.05 Y
2009 Nov 07 290 15.3
+ 0.2
− 0.3
. . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 Y?
2009 Nov 23 130 12.1
+ 0.2
− 0.6
380
+ 21
− 32
N -0.31±0.10 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.41±0.10 Y
2009 Dec 03 89 13.3
+ 0.4
− 0.8
414
+ 24
− 47
N -0.72±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2009 Dec 10 167 15.6
+ 0.3
− 0.7
468
+ 21
− 32
N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.36±0.10 Y?
2009 Dec 26 133 14.4
+ 0.4
− 0.2
406
+ 14
− 13
N . . . -0.35±0.05 ≥ -0.15 . . . . . . . . . 0.48±0.05 Y?
weighted average 14.0±1.3 365±67 0.47±0.02 Y
MHO5 2009 Oct 27 58 43.3
+ 0.3
− 1.4
125±28 N . . . -2.39±0.05 ≥ -0.15 . . . . . . . . . 0.31±0.05 Y?
2009 Oct 30 78 43.1
+ 0.3
− 0.7
< 125 N -1.51±0.05 -2.51±0.05 ≥ -0.15 . . . . . . . . . 0.31±0.05 Y
2009 Oct 31 85 38.7
+ 0.2
− 0.9
< 125 N -0.85±0.05 -2.62±0.05 ≥ -0.15 . . . . . . . . . 0.35±0.05 Y
2009 Nov 07 53 65.3
+ 0.4
− 0.3
. . . . . . ≥ -0.90 ≥ -0.90 ≥ -0.90 ≥ -0.90 ≥ -0.90 ≥ -0.90 ≤ 0.90 Y?
2009 Nov 23 87 40.2
+ 0.4
− 0.3
< 200 N -1.28±0.10 -3.01±0.10 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.35±0.10 Y
2009 Dec 10 113 38.7±0.4 < 200 N . . . -2.43±0.10 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.30±0.10 Y?
2009 Dec 26 78 38.9
+ 0.3
− 0.8
< 125 . . . -2.43±0.05 ≥ -0.15 . . . . . . . . . 0.41±0.05 Y?
2010 Nov 12 97 42.9±7.5 < 175 N -1.50±0.20 -2.15±0.10 ≥ -0.30 . . . . . . . . . 0.40±0.10 Y
2010 Nov 13 46 36.4±8.0 < 175 N -1.52±0.20 -1.59±0.15 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2010 Nov 14 57 42.2±5.0 < 175 N -1.48±0.20 -3.02±0.10 ≥ -0.30 . . . . . . . . . 0.43±0.10 Y
weighted average 43.0±8.4 < 175 0.35±0.02 Y
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Table 3 – continued Spectral line measurements.
Target Date SNR EW(Hα) W10% Asym. Other Emission Lines EW [A˚] Li 6707 EW Accretor
[A˚] [km.s−1] Profile He I 5876 [O I] 6300 He I 6678 Ca8498 Ca8542 Ca8662 [A˚]
V807Tau 2009 Oct 27 196 11.0±0.4 509
+ 14
− 13
Y . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.49±0.05 Y
2009 Oct 30 231 11.8
+ 0.3
− 0.5
474
+ 13
− 14
Y -0.22±0.05 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.44±0.05 Y
2009 Oct 31 295 15.6
+ 0.3
− 0.6
552
+ 13
− 16
Y ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.47±0.05 Y
2009 Nov 07 307 19.7
+ 0.2
− 0.5
. . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 Y?
2009 Nov 23 150 8.9
+ 0.1
− 0.3
530
+ 19
− 20
Y ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.50±0.10 Y
2009 Dec 02 154 6.3
+ 0.1
− 0.4
409±19 Y -0.71±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2009 Dec 10 190 11.7
+ 0.2
− 0.3
591
+ 19
− 25
Y . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.34±0.10 Y
2009 Dec 26 106 5.6±0.1 387
+ 13
− 16
Y . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.52±0.05 Y
weighted average 11.3±5.7 487±75 0.47±0.02 Y
BPTau 2009 Oct 27 164 58.5
+ 1.0
− 1.3
374
+ 12
− 13
N . . . -0.16±0.05 -0.43±0.05 . . . . . . . . . 0.38±0.05 Y
2009 Oct 30 232 58.8
+ 0.4
− 1.0
389±12 N -1.13±0.05 -0.20±0.05 -0.46±0.05 . . . . . . . . . 0.40±0.05 Y
2009 Oct 31 206 52.3
+ 1.0
− 1.3
391±12 N -1.12±0.05 -0.22±0.05 -0.37±0.05 . . . . . . . . . 0.40±0.05 Y
2009 Nov 07 317 54.4
+ 0.2
− 0.8
. . . . . . -0.70±0.20 ≥ -0.60 ≥ -0.60 ≥ -0.60 -0.63±0.20 ≥ -0.60 ≤ 0.60 Y
2009 Nov 23 235 65.4
+ 0.3
− 2.0
420
+ 20
− 21
N -2.74±0.10 ≥ -0.30 -0.73±0.10 -0.80±0.10 -0.88±0.10 -0.58±0.10 0.30±0.10 Y
2009 Dec 03 134 44.0
+ 0.4
− 1.4
440
+ 19
− 20
N -2.46±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2009 Dec 10 172 141
+ 2
− 4
504
+ 19
− 20
N . . . -0.41±0.10 -0.56±0.10 -0.90±0.10 -1.40±0.10 -0.82±0.10 ≤ 0.30 Y
2009 Dec 26 130 49.3
+ 0.2
− 0.5
388
+ 12
− 13
N . . . -0.43±0.05 -0.44±0.05 . . . . . . . . . 0.47±0.05 Y
weighted average 65.5±33.1 401±48 0.41±0.02 Y
CYTau 2009 Oct 27 94 41.6±0.5 376±14 N . . . -0.24±0.05 -0.25±0.05 . . . . . . . . . 0.53±0.05 Y
2009 Oct 30 190 33.3
+ 0.2
− 0.4
319±14 N -0.40±0.05 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.34±0.05 Y
2009 Oct 31 142 48.2
+ 0.5
− 1.4
448
+ 14
− 15
Y -0.65±0.05 -0.21±0.05 ≥ -0.15 . . . . . . . . . 0.36±0.05 Y
2009 Nov 07 159 44.2
+ 0.3
− 1.0
. . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 Y?
2009 Nov 23 157 29.7
+ 0.5
− 1.6
301
+ 24
− 30
N -0.41±0.10 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.40±0.10 Y
2009 Dec 03 78 40.0
+ 0.4
− 0.7
295
+ 21
− 22
N ≥ -0.45 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y?
2009 Dec 10 147 31.1
+ 0.2
− 0.7
321±23 N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.42±0.10 Y?
2009 Dec 26 173 37.1
+ 0.5
− 0.4
407±14 Y . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.46±0.05 Y
weighted average 38.2±6.9 370±62 0.42±0.02 Y
DETau 2009 Oct 27 122 48.5
+ 0.3
− 0.4
430±14 Y . . . -0.23±0.05 ≥ -0.15 . . . . . . . . . 0.48±0.05 Y
2009 Oct 30 211 44.5
+ 0.3
− 0.4
443±14 Y -0.76±0.05 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.40±0.05 Y
2009 Oct 31 183 48.8
+ 0.5
− 0.9
429±14 Y -0.75±0.05 -0.17±0.05 ≥ -0.15 . . . . . . . . . 0.42±0.05 Y
2009 Nov 07 141 55.4
+ 1.0
− 0.6
. . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 -6.60±0.20 -7.47±0.20 -5.99±0.20 ≤ 0.60 Y
2009 Nov 23 158 50.0
+ 0.3
− 1.6
452
+ 22
− 23
N -0.73±0.10 ≥ -0.30 ≥ -0.30 -5.55±0.15 -5.73±0.15 -4.51±0.15 0.32±0.10 Y
2009 Dec 03 86 55.6
+ 0.5
− 0.7
472
+ 21
− 22
N -1.88±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2009 Dec 10 251 56.3
+ 0.4
− 1.5
475
+ 21
− 22
N . . . ≥ -0.30 ≥ -0.30 -8.78±0.20 -9.05±0.20 -7.19±0.20 0.33±0.10 Y
2009 Dec 26 153 44.9
+ 0.4
− 0.6
419±14 Y . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.50±0.05 Y
weighted average 50.5±4.8 439±23 0.44±0.02 Y
DHTau 2009 Oct 31 153 23.7
+ 0.3
− 0.4
227
+ 14
− 16
N -1.45±0.05 -0.52±0.05 -0.30±0.05 . . . . . . . . . 0.50±0.05 Y
2009 Nov 07 214 24.8±0.8 . . . . . . -0.70±0.20 ≥ -0.60 ≥ -0.60 ≥ -0.60 -0.67±0.20 ≥ -0.60 ≤ 0.60 Y
2009 Dec 03 129 40.5
+ 0.6
− 0.7
327
+ 22
− 24
N -3.47±0.15 -0.86±0.15 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2009 Dec 26 159 31.0
+ 0.2
− 0.7
293±14 N . . . -0.75±0.05 -0.60±0.05 . . . . . . . . . 0.44±0.05 Y
2010 Nov 12 169 32.9
+ 0.3
− 0.2
206±21 N -2.11±0.10 -0.70±0.10 -0.95±0.10 . . . . . . . . . 0.33±0.10 Y
2010 Nov 13 179 29.1
+ 0.3
− 0.4
176
+ 23
− 22
N -2.22±0.10 -0.77±0.10 -0.64±0.10 . . . . . . . . . 0.34±0.10 Y
2010 Nov 14 167 40.7±0.4 236±20 N −1.95 ± 0.10 -0.80±0.10 -0.60±0.10 . . . . . . . . . 0.36±0.10 Y
weighted average 31.8±7.3 249±57 0.44±0.03 Y
DSTau 2009 Oct 27 128 60.6
+ 0.9
− 1.3
520
+ 12
− 13
Y . . . ≥ -0.15 -0.21±0.05 . . . . . . . . . 0.40±0.05 Y
2009 Oct 30 250 31.0
+ 0.4
− 0.6
506
+ 12
− 13
Y -1.22±0.05 ≥ -0.15 -0.48±0.05 . . . . . . . . . 0.25±0.05 Y
2009 Oct 31 230 38.8
+ 0.5
− 1.4
436
+ 12
− 14
Y -1.57±0.05 ≥ -0.15 -0.64±0.05 . . . . . . . . . 0.29±0.05 Y
2009 Nov 07 390 24.2
+ 0.2
− 0.4
. . . . . . -1.11±0.20 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 Y
2009 Nov 23 158 27.0
+ 0.1
− 0.4
531
+ 19
− 20
N -1.55±0.10 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≤ 0.30 Y
2009 Dec 03 123 31.2
+ 0.4
− 0.8
479
+ 19
− 20
N -1.90±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2009 Dec 10 188 58.7
+ 0.3
− 1.5
485
+ 19
− 20
N . . . ≥ -0.30 -0.57±0.10 -0.33±0.10 -0.56±0.10 -0.34±0.10 ≤ 0.30 Y
2009 Dec 26 170 35.8
+ 0.5
− 2.5
468
+ 12
− 20
Y . . . -0.23±0.05 -0.39±0.05 . . . . . . . . . 0.33±0.05 Y
weighted average 38.4±15.4 488±33 0.32±0.02 Y
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Table 3 – continued Spectral line measurements.
Target Date SNR EW(Hα) W10% Asym. Other Emission Lines EW [A˚] Li 6707 EW Accretor
[A˚] [km.s−1] Profile He I 5876 [O I] 6300 He I 6678 Ca8498 Ca8542 Ca8662 [A˚]
FMTau 2009 Oct 27 169 58.3
+ 0.3
− 1.4
343±20 N . . . -0.35±0.05 -0.96±0.05 . . . . . . . . . ≤ 0.15 Y
2009 Oct 30 132 60.1
+ 0.4
− 1.3
325±20 N -2.00±0.05 -0.40±0.05 -1.08±0.05 . . . . . . . . . 0.16±0.05 Y
2009 Oct 31 155 55.9
+ 0.2
− 1.6
309
+ 20
− 21
N -2.31±0.05 -0.54±0.05 -1.03±0.05 . . . . . . . . . 0.23±0.05 Y
2009 Nov 07 246 59.7
+ 0.1
− 1.3
. . . . . . -3.64±0.20 ≥ -0.60 -1.22±0.20 -1.07±0.20 -1.34±0.20 -1.04±0.20 ≤ 0.60 Y
2009 Nov 23 193 65.0
+ 0.4
− 1.5
366±31 N -4.20±0.10 -0.61±0.10 -1.45±0.10 -1.57±0.10 -2.25±0.10 -1.59±0.10 ≤ 0.30 Y
2009 Dec 03 152 54.9
+ 0.6
− 2.4
376
+ 30
− 31
N -4.12±0.15 ≥ -0.45 -1.51±0.15 . . . . . . . . . ≤ 0.45 Y
2009 Dec 10 244 59.5
+ 0.3
− 1.5
387
+ 30
− 31
N . . . -0.48±0.10 -1.17±0.10 -0.77±0.10 -1.33±0.10 -0.93±0.10 ≤ 0.30 Y
2009 Dec 26 164 63.6
+ 0.4
− 1.9
387±20 N . . . -0.74±0.05 -1.18±0.05 . . . . . . . . . 0.17±0.05 Y
2010 Nov 11 134 51.7
+ 0.4
− 1.2
304±26 N -2.65±0.10 -0.49±0.10 -0.84±0.10 . . . . . . . . . ≤ 0.30 Y
weighted average 58.8±4.2 345±34 0.19±0.03 Y
FPTau 2009 Oct 27 134 15.6
+ 0.6
− 0.2
385
+ 15
− 14
Y . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.50±0.05 Y
2009 Oct 30 164 20.0
+ 0.5
− 0.4
420±14 Y -0.32±0.05 -0.22±0.05 ≥ -0.15 . . . . . . . . . 0.45±0.05 Y
2009 Oct 31 130 25.4
+ 0.1
− 0.2
445±14 Y -0.44±0.05 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.48±0.05 Y
2009 Nov 07 130 14.6
+ 0.1
− 0.4
. . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 ?
2009 Nov 23 111 18.3
+ 0.3
− 0.7
474
+ 22
− 27
N ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.42±0.10 Y?
2009 Dec 03 67 13.1
+ 0.2
− 0.3
455
+ 21
− 22
N ≥ -0.45 ≥ -0.45 ≥ -0.45 . . . . . . . . . .53±0.15 Y?
2009 Dec 10 140 13.0
+ 0.1
− 0.3
474±22 N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.40±0.10 Y?
2009 Dec 26 96 20.9
+ 0.4
− 0.6
464
+ 14
− 15
Y . . . -0.22±0.05 ≥ -0.15 . . . . . . . . . 0.66±0.05 Y
weighted average 17.6±4.7 438±33 0.49±0.04 Y
FQTau 2009 Oct 30 104 68.4
+ 0.7
− 2.7
503
+ 20
− 21
Y -1.72±0.05 -0.18±0.05 -0.51±0.05 . . . . . . . . . 0.38±0.05 Y
2009 Oct 31 139 55.6
+ 0.7
− 1.6
539±20 Y -2.87±0.05 -0.20±0.05 -1.20±0.05 . . . . . . . . . 0.32±0.05 Y
2009 Nov 07 90 43.8
+ 0.1
− 0.3
. . . . . . -4.84±0.20 ≥ -0.60 -0.80±0.20 -3.44±0.20 -3.29±0.20 -2.49±0.20 ≤ 0.60 Y
2009 Dec 02 40 59.7
+ 0.8
− 0.6
502±30 Y -3.21±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . 0.85±0.20 Y
2009 Dec 26 114 32.9
+ 0.1
− 0.6
469±20 Y . . . -0.29±0.05 -0.47±0.05 . . . . . . . . . 0.38±0.05 Y
weighted average 52.1±15.8 504±29 0.38±0.03 Y
FYTau 2009 Oct 27 110 60.2
+ 0.4
− 0.9
475±12 N . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.49±0.05 Y?
2009 Oct 30 174 33.1
+ 0.4
− 0.9
461
+ 12
− 14
Y ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.47±0.05 Y
2009 Oct 31 162 43.8
+ 0.4
− 0.5
465±12 N -0.26±0.05 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.45±0.05 Y
2009 Nov 07 308 50.1
+ 0.4
− 0.5
. . . . . . -0.84±0.20 ≥ -0.60 ≥ -0.60 -2.02±0.20 -2.30±0.20 -1.98±0.20 ≤ 0.60 Y
2009 Nov 23 176 52.6
+ 0.4
− 0.8
471
+ 19
− 20
N -0.53±0.10 ≥ -0.30 ≥ -0.30 -1.55±0.10 -2.11±0.10 -1.67±0.10 0.36±0.10 Y
2009 Dec 03 105 36.1
+ 0.3
− 1.2
491
+ 19
− 21
N -0.78±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2009 Dec 10 208 26.6
+ 0.3
− 0.7
526
+ 19
− 21
N . . . ≥ -0.30 ≥ -0.30 -0.47±0.10 -0.66±0.10 -0.36±0.10 0.31±0.10 Y
2009 Dec 26 130 39.9
+ 0.3
− 1.6
440
+ 12
− 14
N . . . -0.21±0.05 ≥ -0.15 . . . . . . . . . 0.48±0.05 Y?
weighted average 44.0±10.0 469±28 0.46±0.02 Y
FZTau 2009 Oct 30 144 119
+ 3
− 5
497
+ 12
− 13
Y -6.13±0.10 -0.51±0.05 -1.69±0.05 . . . . . . . . . 0.18±0.05 Y
2009 Oct 31 153 136
+ 3
− 6
494
+ 12
− 13
Y -4.90±0.10 -0.37±0.05 -2.09±0.05 . . . . . . . . . ≤ 0.15 Y
2009 Nov 07 98 154
+ 1
− 3
. . . . . . -2.73±0.20 ≥ -0.60 -2.06±0.20 -42.9±0.8 -51.5±1.0 -42.9±0.8 ≤ 0.60 Y
2009 Dec 26 154 109
+ 1
− 3
511±12 Y . . . -0.41±0.05 -1.90±0.05 . . . . . . . . . 0.19±0.05 Y
weighted average 1.0±0.2 < 175 0.19±0.04 Y
GITau 2009 Oct 27 106 30.3
+ 0.4
− 0.6
302
+ 12
− 13
N . . . -0.34±0.05 -0.85±0.05 . . . . . . . . . 0.32±0.05 Y
2009 Oct 30 208 32.5
+ 0.3
− 0.4
246±12 N -1.24±0.05 -0.98±0.05 -0.65±0.05 . . . . . . . . . 0.38±0.05 Y
2009 Oct 31 151 28.5
+ 0.3
− 0.7
311
+ 12
− 13
N -2.40±0.05 -0.51±0.05 -1.02±0.05 . . . . . . . . . 0.35±0.05 Y
2009 Nov 07 283 34.6
+ 0.2
− 0.8
. . . . . . −2.22 ± 0.20 ≥ -0.60 -0.61±0.20 -0.87±0.20 -1.03±0.20 -0.93±0.20 ≤ 0.60 Y
2009 Nov 23 190 8.6
+ 0.1
− 0.2
357
+ 20
− 22
N -1.83±0.10 ≥ -0.30 -0.54±0.10 -0.51±0.10 -0.48±0.10 ≥ -0.30 0.37±0.10 Y
2009 Dec 03 69 11.9
+ 0.2
− 0.3
206
+ 22
− 26
N -1.36±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . 0.57±0.15 Y
2009 Dec 10 142 7.1
+ 0.1
− 0.2
344
+ 21
− 24
N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.39±0.10 Y?
2009 Dec 26 127 13.8
+ 0.2
− 0.4
320
+ 12
− 13
Y . . . -0.38±0.05 ≥ -0.15 . . . . . . . . . 0.50±0.05 Y
weighted average 20.9±15.8 297±54 0.39±0.02 Y
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Table 3 – continued Spectral line measurements.
Target Date SNR EW(Hα) W10% Asym. Other Emission Lines EW [A˚] Li 6707 EW Accretor
[A˚] [km.s−1] Profile He I 5876 [O I] 6300 He I 6678 Ca8498 Ca8542 Ca8662 [A˚]
GKTau 2009 Oct 27 134 27.9
+ 0.7
− 0.8
524
+ 13
− 14
Y . . . ≥ -0.15 -0.16±0.05 . . . . . . . . . 0.32±0.05 Y
2009 Oct 30 340 32.3
+ 0.6
− 1.4
504
+ 12
− 14
Y -0.82±0.05 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.41±0.05 Y
2009 Oct 31 294 24.6±0.3 511±12 Y -0.81±0.05 -0.21±0.05 ≥ -0.15 . . . . . . . . . 0.36±0.05 Y
2009 Nov 07 297 43.6
+ 0.2
− 0.8
. . . . . . -1.85±0.20 ≥ -0.60 ≥ -0.60 -9.78±0.25 -11.5±0.3 -9.37±0.25 ≤ 0.60 Y
2009 Nov 23 231 5.4±0.1 492
+ 19
− 21
-0.40±0.10 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.33±0.10 Y
2009 Dec 03 110 18.5
+ 0.1
− 0.4
474
+ 19
− 21
N -1.46±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2009 Dec 10 168 30.5
+ 0.4
− 0.9
533
+ 19
− 21
N . . . ≥ -0.30 ≥ -0.30 -1.20±0.10 -2.19±0.10 -1.42±0.10 0.33±0.10 Y
2009 Dec 26 267 30.8
+ 0.4
− 1.1
517
+ 12
− 13
Y . . . -0.26±0.05 ≥ -0.15 . . . . . . . . . 0.46±0.05 Y
weighted average 26.7±21.1 510±20 0.38±0.02 Y
LkCa 15 2009 Oct 27 133 10.0
+ 0.4
− 0.3
431
+ 14
− 13
Y . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.43±0.05 Y
2009 Oct 30 325 18.1
+ 0.4
− 0.6
620
+ 14
− 20
Y -0.39±0.05 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.38±0.05 Y
2009 Oct 31 188 16.9
+ 0.2
− 0.5
617
+ 13
− 16
Y -0.36±0.05 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.35±0.05 Y
2009 Nov 07 333 31.3
+ 0.2
− 0.6
. . . . . . -1.01±0.20 ≥ -0.60 ≥ -0.60 -1.43±0.20 -1.73±0.20 -1.61±0.20 ≤ 0.60 Y
2009 Nov 23 163 15.5
+ 0.3
− 1.0
596
+ 20
− 44
Y -1.19±0.10 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.36±0.10 Y
2009 Dec 03 108 23.5
+ 0.1
− 0.4
639
+ 18
− 19
Y -1.03±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2009 Dec 10 177 28.6
+ 0.3
− 1.1
599
+ 19
− 24
Y . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≤ 0.30 Y
2009 Dec 26 178 32.0
+ 0.3
− 0.7
597
+ 12
− 13
Y . . . ≥ -0.15 -0.19±0.05 . . . . . . . . . 0.38±0.05 Y
weighted average 22.0±8.1 574±71 0.38±0.02 Y
UXTauA 2009 Oct 27 242 8.7±0.1 493
+ 21
− 22
Y . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.34±0.05 Y
2009 Oct 30 227 6.4±0.1 539±22 Y ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.33±0.05 Y
2009 Oct 31 225 4.6±0.1 503±22 Y ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.36±0.05 Y
2009 Nov 07 407 13.6
+ 0.1
− 0.3
. . . . . . ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≥ -0.60 ≤ 0.60 Y?
2009 Nov 23 133 10.7±0.1 539
+ 33
− 35
Y ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≤ 0.30 Y
2009 Dec 02 104 3.7±0.1 592
+ 33
− 36
Y -0.84±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2009 Dec 10 115 8.9±0.1 506±33 Y . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≤ 0.30 Y
2009 Dec 26 177 5.5±0.1 460±22 Y . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.29±0.05 Y
2010 Nov 12 167 2.4±0.1 379±29 Y ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . ≤ 0.30 Y
weighted average 7.2±3.6 497±63 0.33±0.03 Y
V710Tau 2009 Oct 27 110 32.9
+ 0.1
− 0.6
316±17 Y . . . -0.21±0.05 ≥ -0.15 . . . . . . . . . 0.51±0.05 Y
2009 Oct 30 193 25.7
+ 0.1
− 0.4
307±17 Y -1.15±0.05 -0.17±0.05 -0.21±0.05 . . . . . . . . . 0.46±0.05 Y
2009 Oct 31 177 28.5
+ 0.1
− 0.3
297±17 N -0.70±0.05 -0.18±0.05 ≥ -0.15 . . . . . . . . . 0.54±0.05 Y
2009 Nov 23 149 22.2±0.2 291±27 N -0.72±0.10 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.41±0.10 Y
2009 Dec 03 114 29.1
+ 0.3
− 0.5
357
+ 25
− 26
N -1.21±0.15 ≥ -0.45 ≥ -0.45 . . . . . . . . . ≤ 0.45 Y
2009 Dec 10 155 26.5
+ 0.1
− 0.3
350
+ 26
− 27
N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.33±0.10 Y
2009 Dec 26 147 15.2±0.1 259±17 N . . . -0.28±0.05 ≥ -0.15 . . . . . . . . . 0.55±0.05 Y
2010 Nov 11 178 26.3
+ 0.1
− 0.3
295±22 N -0.39±0.10 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.39±0.10 Y
weighted average 25.8±5.3 303±33 0.49±0.02 Y
MHO4 2009 Oct 27 35 30.2
+ 0.3
− 1.3
< 125 N . . . ≥ -0.15 -0.26±0.05 . . . . . . . . . 0.49±0.05 Y
2009 Oct 30 45 28.0
+ 0.4
− 1.1
< 125 N . . . ≥ -0.15 -0.34±0.05 . . . . . . . . . 0.38±0.05 Y
2009 Oct 31 44 36.5
+ 0.4
− 1.7
< 125 N . . . ≥ -0.15 -0.58±0.05 . . . . . . . . . 0.46±0.05 Y
2009 Nov 07 41 38.9±0.4 . . . . . . ≥ -4.0 ≥ -1.20 ≥ -1.20 ≥ -1.20 ≥ -1.20 ≥ -1.20 ≤ 1.20 Y?
2009 Nov 23 141 42.5
+ 0.4
− 0.7
< 200 N -1.67±0.20 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.39±0.10 Y
2009 Dec 03 15 39.6±0.3 < 200 N ≥ -1.2 ≥ -0.75 ≥ -0.75 . . . . . . . . . ≤ 0.75 Y?
2009 Dec 10 82 46.7
+ 0.3
− 0.5
225
+ 43
− 45
. . . ≥ -0.30 -0.45±0.10 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.33±0.10 Y
2009 Dec 26 12 35.3
+ 0.7
− 2.2
< 125 N . . . ≥ -0.35 ≥ -0.35 . . . . . . . . . 0.45± 0.10 Y?
2010 Nov 12 69 33.4
+ 2.0
− 4.0
< 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . 0.50±0.10 Y?
2010 Nov 13 32 37.7
+ 1.7
− 3.3
< 175 N ≥ -0.60 ≥ -0.30 ≥ -0.30 . . . . . . . . . ≤ 0.60 Y?
2010 Nov 14 40 37.6
+ 1.5
− 0.6
< 175 N ≥ -0.30 ≥ -0.30 ≥ -0.30 . . . . . . . . . ≤ 0.60 Y?
weighted average 36.9±5.3 < 175 0.44±0.02 Y?
UXTauC 2009 Oct 27 126 4.0
+ 0.1
− 0.2
< 125 N . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.57±0.05 N
2009 Oct 30 152 4.0
+ 0.1
− 0.2
< 125 N ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.53±0.05 N
2009 Oct 31 167 4.0±0.1 < 125 N ≥ -0.15 ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.57±0.05 N
2009 Nov 23 131 4.0±0.1 < 200 N ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.38±0.10 N
2009 Dec 10 101 5.1
+ 0.2
− 0.3
< 200 N . . . ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 ≥ -0.30 0.39±0.10 N
2009 Dec 26 103 3.8
+ 0.1
− 0.3
< 125 N . . . ≥ -0.15 ≥ -0.15 . . . . . . . . . 0.52±0.05 N
weighted average 4.2±0.5 < 125 0.53±0.02 N
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Figure 3. Bias on the Hα W10% (i.e., difference between the in-
trinsic and derived W10% values) derived from our simulations.
Symbols with error-bars represent the median and standard de-
viations of different subsets of our simulations, grouping the two
highest and two lowest spectral resolutions for better statistics.
The lines represent our best estimate of the bias introduced by the
intermediate resolution of our spectra for strong lines in any K- or
M-type of star (solid) and weak lines in mid-M targets (dashed).
The filled bands represent our 1σ confidence interval for three
representative cases: strong line in any K- or M-type target ob-
served at the higher resolution (dark gray) and the lower resolu-
tion (gray), and weak line in a mid-M target observed at the lower
resolution (light gray). Other combinations of line strengths, tar-
get spectral type and spectral resolution were also explored but
not shown for readability. The dark and light gray bands represent
the extreme cases of our entire set of simulations.
4.2 Precision and accuracy of the line
measurements
As a consequence of our limited spectral resolution and spec-
tral sampling, ambiguity in setting the continuum and the
presence of photospheric absorption features limit the ac-
curacy of our line measurement. In particular, photospheric
features can result in setting the continuum level slightly
lower than it ought to. As a result, our methodology leads
to slight overestimates of the line EW, albeit at levels that do
not exceed our uncertainties. On the other hand, the bias in-
troduced on theW10% estimates can be significant. This bias
is more severe than the EW one, as it depends on detailed
shape of the wings of the line profile, which is particularly
delicate to assess. This issue is particularly amplified in cases
where some (or all) of the following conditions are met: 1)
the emission line is both weak and narrow, leading to a low
peak/continuum ratio, 2) the target has a late spectral type,
whose spectrum is extremely rich in broad, molecular pho-
tospheric features that can affect the continuum evaluation,
and 3) the spectral resolution is on the low end of the range
used in this study. To help alleviate this last aspect, we have
systematically overplotted our highest resolution spectrum
of a target over the lower resolution spectra as a template to
better evaluate the intrinsic underlying photospheric spec-
trum. This still leads to larger uncertainties in the case of the
lower resolution spectra, but it helped minimizing the sys-
tematic bias that could arise from misinterpreting a nearby
absorption line for a part of the emission line.
To address the first two issues listed above, we have gen-
erated simulated spectra to test the precision and accuracy
of our measurement method. The simulations measured the
effect of our instruments on spectral templates taken from
the MILES stellar library (Sa´nchez-Bla´quez et al. 2006) for
12 stars that cover the mid-K through late-M spectral type
range. The simulation proceeded in four steps: constructing
the Gaussian response profile of each instrument using the
measured instrumental W10%, adding an Hα emission line
to the template spectrum (which naturally contains a weak
absorption line), convolving the two profiles to render the
simulated outcome, and applying the adequate instrumen-
tal sampling to the result. The emission lines were assumed
to have Gaussian profiles centered on Hα with our choice
of parameters reflecting our interest in lines that are both
narrow and weak. Specifically, we produced synthetic spec-
tra with all possible combinations of three EW (0.5, 2 and
5 A˚) and six W10% (ranging from 150 km.s
−1 to 400 km.s−1
in 50 km.s−1 increments). With six instrumental set-ups, we
thus built a library of 1080 distinct simulations. The same
reduction pipeline described in Section 3 was then applied
on each synthetic spectrum to measure the Hα W10%, which
we then compared with our input parameters to assess the
amplitude of the bias introduced by our moderate spectral
resolution.
The overall results from this battery of simulations
matches our expectations and can be summarized as follows:
– Lower resolution spectra result in larger uncertainties,
as well as less constraining upper limits;
– Emission lines with W10%≥300 km.s
−1 are broad
enough (and, in practice, strong enough) that there is only
a negligible bias, even though it introduces an additional
uncertainty of 12–18 km.s−1 depending on the instrumental
resolution;
– Narrow emission lines that have EW≥5 A˚ suffer from
an essentially linear bias but are strong enough that the
details of the underlying continuum (i.e., spectral type) have
a negligible impact on this bias, which only depends onW10%
and instrumental resolution;
– Narrow and weak emission lines are most susceptible
to this bias, although the largest effect introduced by the
instrumental correction is to increase the uncertainty asso-
ciated with the final estimate ofW10%. Both the bias and its
associated uncertainty are increased at later spectral types
due to the richer nature of the photospheric spectrum.
Figure 3 illustrates quantitatively the results of our sim-
ulations. For an intrinsicW10% of 200 km.s
−1, the amplitude
of the bias is on the order of 20 km.s−1, with uncertainties
ranging from 12 to 30 km.s−1, depending on line strength,
spectral type and spectral resolution. Therefore, although
this bias could have some consequences for the accretion
classification of individual spectra, our simulations confirm
that the premise of our analysis, namely that we can derive
the intrinsic W10% of the Hα line with our moderate resolu-
tion spectra with sufficient accuracy considering the range
of expected line widths, is sound. We thus proceed to cor-
rect all of our derived W10% from this bias using linear fits
to the results of our simulations and to increase their asso-
ciated uncertainties. Typical amplitudes for both effects are
illustrated in Figure 3. As a result of this process, we also
had to place upper limits on W10% based on the lowest line
width that can be confidently retrieved in our simulations.
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These upper limits range from 125 to 200 km.s−1, depending
on the instrumental resolution.
We further tested the robustness of the bias correction
described above using our own data. We first selected 11
targets spanning the overall ranges of spectral type and Hα
EW and W10% observed in our sample. For each object,
we selected a spectrum from our highest resolution setting,
and degraded it to the resolution and spectral sampling of
our other instrumental set-ups (excluding the low-resolution
WHT/ISIS set-up). We then proceeded to measure the raw
W10% of the Hα line, and to correct for both the instrumen-
tal broadening and methological bias. Comparing the result
W10% to those initially measured in the higher resolution
spectrum, we find that the results are within 1σ of each
other in 20 out of 33 cases, and within 2σ of each other in
all but 2 spectra. These exceptions correspond to the broad-
est Hα lines we tested (W10%=550–65- km.s
−1) when the
spectra are degraded to the lowest resolution (SPM) setting.
Overall, these tests confirm that our approach takes properly
into account the effects introduced by the medium-resolution
used in the survey.
4.3 Comparison to previous measurements
Before combing our datasets for individual objects with an
unexpected accretion state, we first present an overview of
the results by comparing our measurements of both EW
and W10% of the Hα line to those listed in the literature
(White & Basri 2003; Nguyen et al. 2009). For each star in
our sample, we compute the uncertainty-weighted average
of both quantities. To these mean quantities, we associate
an “uncertainty” which is the largest of 1) the dispersion of
all values, and 2) the uncertainty on the weighted average.
In practice, for all EW and most W10%, the former is larger
than the latter. For some objects, most (or all) of our spectra
led to an upper limit on W10%. In these cases, we assigned
an upper limit to the object which is the median of all mea-
surements and upper limits. Figure 4 shows the comparisons
of our average measurement with literature data.
Some objects show significant departures from the unity
relationship, which are indicative of significant long-term
variability. This effect could at least partially explains some
of the apparently passive disk systems as the Hα EW has
been underestimated in past studies of some of our targets.
Furthermore, our EW values are lower by ≈15 per cent on
average relative to literature measurements, which we sus-
pect is due to the more modest spectral resolution of those
earlier EW-driven studies, which leads to biased estimates
of the continuum level. Nonetheless, the strong correlations
between our measurements and previous ones are statis-
tically very significant (at the ≥ 3σ and ≥ 7σ levels for
W10% and EW, respectively, using either the Spearman or
Kendall tests). The slopes of the linear fits are 0.92±0.05
and 1.66±0.31 for the EW and W10% measurements respec-
tively (including only objects withW10%≥250 km.s
−1 for the
latter fit), i.e., both fits are consistent with the 1:1 relation-
ship within ≈ 2σ. Since most of the literature data used to
make these plots have been obtained several years ago, we
thus conclude that the average Hα EW andW10% of TTS do
not dramatically change over such timescales. For instance,
the median difference between our average W10% value and
that from the literature is -5 km.s−1, with a dispersion of
67 km.s−1.
4.4 Timescales of line variability
As mentioned above, the dispersion of values we find for both
the Hα EW and W10% is much larger than the uncertainty
associated with each individual measurement. Focusing on
W10%, the largest epoch-to-epoch fluctuation is significant
at the ≥ 2(3)σ level for 22 (17) out of the 27 objects with
2 or more measurements (i.e., excluding upper limits). The
most significant differences exceed the 9σ confidence level.
While the 5 remaining systems have non-significant varia-
tions (. 1σ), we only obtained 2 or 3 W10% estimates for
each of them. Furthermore, 4 of these 5 objects are not ac-
creting (see Sect. 4.5), for which we expect the line profile
to be more stable. Overall, the large dispersion of W10%
estimates for most targets illustrates the long-established
strong variability of the line profile on timescales as short
as 1 d. Nonetheless, the dispersion inW10% that we measure
is comparable to previous dispersion estimates for the same
targets (e.g., Nguyen et al. 2009), with a median ratio of 1.4
and with most systems below a ratio of ≈2. This suggests
that the amplitude of fluctuations ofW10% does not increase
dramatically beyond the ≈ 1 yr timescale of individual stud-
ies.
The sampling of our monitoring campaigns allows us
to probe a wide range of timescales, from 1d to 1 yr, thus
complementing the above analysis which addresses multi-
year timescales. Specifically, we evaluate the epoch-to-epoch
variation of both quantities for each pair of observations
of a given target, leading to up to 55 independent EW or
W10% differences per source. We then group all the result-
ing differences by bins of time delay: ≈1 d, 2–4 d, 6–12 d,
14–28 d, 30–60 d and 300–360 d. These bins correspond to
natural breaks in our campaign sampling. They also allow
an inspection of the degree of line variability on timescales
of days, weeks, months, and 1 year. Because the EW values
span such a large range over our entire sample (from .1 A˚
to ≥100 A˚), and because accreting TTS have systematically
much larger EWs than non-accreting TTS, we focus on the
relative differences in EW.
Figure 5 summarizes the variability of both the Hα EW
and W10% over all timescales covered in this study. Here
we group objects based on their accretion status, which is
derived in Section 4.5. The first immediate observation is
that accreting TTS display much wider amplitude of vari-
ability in EW, with epoch-to-epoch variations sometimes ex-
ceeding a factor of 3 change in line intensity whereas non-
accreting TTS do not exceed 70 per cent epoch-to-epoch
fluctuations. Combining all timescales, a Wilcoxon rank-
sum test confirms at the 5.4σ confidence level that accreting
TTS experience a higher median degree of variability than
non-accreting objects. This difference in amplitude of vari-
ability between accretors and non-accretors is statistically
significant on timescales longer than 1 month, and there is
marginal evidence that it may extend down to timescales of
1 week. Our observing cadence results in a poorer sampling
of shorter timescales. On the other hand, non-accreting and
disk-less objects share similar variability properties over all
timescales within uncertainties.
Only accreting TTS yield enoughW10% measurement to
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Figure 4. Left: Comparison of the mean Hα EW from our survey to previously published estimates (see Table 1) for all objects in our
sample. Vertical uncertainties represent the standard deviation from all measurements of a given object. The dotted and dashed lines
mark the identity relation and an unconstrained least squares linear fit to all objects, respectively. Right: Comparison of the W10%
Hα measurements from our survey to previously published estimates (White & Basri 2003; Nguyen et al. 2012). From our monitoring
campaign, we plot the weighted mean and the largest of 1) the standard deviation of all measurements for a given target, or 2) the mean
associated to the weighted mean. Symbols are as in Figure 1. For objects with too few estimates of W10%, we show the median of all
measurements and upper limit from our survey. The dotted line marks the identity relation to guide the eye whereas the dashed line is
the result of a linear fit to objects with W10%≥ 250 km.s
−1.
Figure 5. Left: Difference in EW (relative to the median EW over all epochs) as a function of time interval for all objects in our sample.
Green diamonds, red triangles and blue squares represent accreting, non-accreting and disk-less objects (only UXTauC belongs to the
latter category), respectively; they are separated horizontally for display purposes only. To minimize confusion, we binned the data using
the vertical gray lines to mark the bin separations, which correspond to natural breaks in our temporal coverage. In each bin, we show
the median, 68 and 90 percentiles as the horizontal segment, rectangular box and whiskers, respectively. The most extreme outliers
are shown as individual datapoints. In cases where less than 10 objects were available in a bin, we plot all individual measurements as
separate symbols instead. Right: Difference in W10% as a function of time interval for all accreting objects in our sample. We have too
few W10% detections for non-accreting and disk-less objects (4 objects with 2 measurements each). Symbols are the same as in the left
panel. The number of pairs of measurements included in each bin are indicated at the top.
probe the variability of this quantity: we could only measure
W10% (rather than obtaining an upper limit) for two epochs
for only 4 of our 11 non-accreting or disk-less targets. We
thus focus on accreting TTS when studying W10% variabil-
ity. First of all, we note that the amplitude of variations
in W10% can be large: the 95 percentile exceeds 150 km.s
−1
over all timescales longer than 1 d, compared to a median
of 410 km.s−1 over all accreting targets. However, both the
upper envelope to the distribution and its 95 percentile are
independent on timescale. A uniform degree of variability
over all timescales longer than 1 d is consistent with the re-
sults of Nguyen et al. (2009) and Costigan et al. (2014). Our
sampling does not provide sub-day coverage, for which these
authors found that the variability amplitudes are reduced.
On the other hand, we notice a gradual increase in
the median W10% difference with longer timescale: it rises
from 34, to 43 and to 77 km.s−1 for timescales of less than
1month, 1–2months, and 1 yr. Computing similar median
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differences in W10% from the data shown in (Nguyen et al.
2009, their Figure 3), we find median differences of 34, 46
and 27 km.s−1 over the same timescales, respectively. On
timescales up to 2months, both studies yield consistent re-
sults, confirming the robustness of the gradual increase. On
the other hand, the much reduced difference in W10% on a
timescale of 1 yr in the Nguyen et al. (2009) is opposite the
results from our survey. However, we note that the 2010 part
of our campaign was mostly focused on non-accreting TTS,
so that very few measurements for accreting TTS contribute
to the long-timescale bin (9 individual W10% measurement
covering 5 targets). As a result, the influence of a handful of
lower-than-average W10% is amplified by our computing dif-
ferences from all possible pairs. Of the 5 objects contributing
to this bin, only UXTauA’s lone 2010 observations repre-
sent a significant outlier compared to its 2009 observations,
but that particular spectrum is characterized by a strong
inverse PCygni profile that accounts for the low apparent
W10% (see Figure 6). We thus do not consider that the appar-
ent contradiction on the 1-yr timescale between our results
and those of Nguyen et al. (2009) represents a meaningful
difference.
4.5 Accretion status
The next step in our analysis consists in determining which
objects were actively accreting during our observations and
when. Since we want to test the robustness of Hα-based cri-
terion, we must rely as much as possible on other tracers in
our spectra. Specifically, for each spectrum of each object,
we classified the object as accreting if at least one the fol-
lowing conditions was fulfilled: 1) the Hα line profile show
unambigous asymmetry (double peak, broad red- or blue-
shifted ”shoulder, PCygni profile), 2) either of the two He I
lines is detected in emission, 3) at least one line of the Ca
triplet is detected in emission, and/or 4) the EW of Li 6707
absorption line is significantly different from the weighted
average of all other detections for that source. Because of
the lack of spectro-photometric quality and the limited set
of template spectra from non-accreting objects, our data do
not provide a robust estimates of the veiling, so we use the
latter condition as a proxy for measuring a change in con-
tinuum veiling.
If neither of these four conditions is fulfilled, it is tempt-
ing to consider as non-accreting at that epoch. However,
there are reasons to adopt a more cautious approach. First
of all, some of our spectra do not include the He I 5876 nor
the Ca triplet, which are among the strongest lines in accret-
ing TTS. Furthermore, even these lines remain undetected
in objects whose accretion status is established by UV/blue
excess emission (e.g., Alcala´ et al. 2017). Similarly, when the
Hα line profile is relatively narrow, modest-to-weak profile
asymmetries may remain undetected at our spectral reso-
lution. Finally, our precision in measuring the Li 6707 EW
(typically ranging from 0.05 to 0.15AA) is only sufficient
to detect strong variability in accretion-induced veiling. In-
deed, veiling in the red optical is undetected even in con-
firmed accretors (e.g., Frasca et al. 2017). As a result, it is
possible that a spectrum in which neither of the four condi-
tions listed above is fulfilled is nonetheless associated with
an accreting TTS. To solve for this ambiguity, we adopted
the following method: if neither condition is fulfilled in any
spectrum of a given target, the object is considered as non-
accreting throughout our survey. We caution that it remains
possible that these objects are accreting at low enough ac-
cretion rates that no tracer is detectable in our spectra, but
we consider unlikely that this is true for all epochs on given
target. If, on the other hand, the object was distinctively
accreting at some epochs, but remains ambiguous at others,
the accretion status for the latter is based on the Hα EW
and W10%: the objects is considered ”probably accreting”
(marked as ”Y?” in the 9th column of Table. 1) at epochs
when the line was at least as strong and/or wide as it was
at clearly accreting epochs.
In our sample, there are 11 objects which are unam-
bigously accreting at all epochs. Unsurprisingly, all but one
of them are part of our control sample of accretors. The lone
exception is IQTau, which is part of candidate passive disk
subsample. As illustrated in Fig 6, the Hα line profile for this
object is markedly double peaked at multiple epochs, leav-
ing no doubt about its accretion status. Conversely, 5 objects
appear to be never accreting in our survey. Four of them are
part of our candidate passive disk subsample (CoKuTau 4,
FWTau, RXJ0432+1735 and V819Tau) and thus our data
confirm that those objects show no sign of accretion over
timescales ranging from 1d to at least 1 yr.
A group of 14 targets show a common behavior of un-
ambiguously accreting at multiple epochs and ”probably ac-
creting” at all other epochs. For lack of contradictory evi-
dence, we surmise that these objects were continuously ac-
creting throughout our survey. This group includes two can-
didate passive disks. HQTau has a consistently weak but
broad, and often double-peaked, Hα line. It is therefore a
textbook example of a TTS whose line profile is strongly
affected by strong self-absorption, resulting in an uncharac-
teristically low EW (Figure 6). UXTauA displays a similar
behavior, with a marked inverse PCygni profile. The other
candidate passive disk which we find to be actually accret-
ing is V836Tau. This is an example of a system for which at
least one historical EW measurement is much weaker than
those measured in our spectra (18–75 A˚). The original mea-
surement is from Mundt et al. (1983), who noted significant
line variability. Intense line variability is evident in our data
for this source, with a strong accretion outburst observed on
2009 Oct 31 (Figure 6). In the absence of the original spec-
tra from Mundt et al. (1983), it is unclear whether the low
EW epochs are the consequence of line self absorption or
an actual pause in the accretion flow on the central star. In
any event, the detection of He I emission lines unambigously
establishes this object as accreting in our survey.
One unexpected member of this group is MHO4, a disk-
less object which is not expected to undergo accretion at all.
Yet, either of the He I lines is detected at 4 epochs, a fact
that was also noted in the discovery study of Bricen˜o et al.
(1998). This leads to an ambiguous interpretation for this
source. Either it possesses a circumstellar disk that has
so far escaped detection even at mid-infrared wavelengths
(Luhman et al. 2010), or the emission lines instead origi-
nate in the surrounding cloud and this extended emission is
not perfectly subtracted in usual sky subtraction in long-slit
spectra. In the absence of conclusive evidence pointing ei-
ther way, we consider this object has a likely non-accretor
but do not include it in any statistical test to avoid any bias.
FPTau is the only object in our survey that has one
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Figure 6. Example of continuum-normalized spectra for remarkable sources in our sample, illustrating the large variability in line profile
and/or strength. For reference, the horizontal gray bar represents 200 km.s−1 at the wavelength of Hα.
epoch with an apparently weak Hα line compared to the
other epochs and no other accretion tracer. While it possi-
ble that this object experienced a short pause in accretion,
we note that its Hα line is only marginally weaker than at
other epochs, and thus we consider it more likely that it is
continuously accreting. We list its accretion status as ”Y?”
in Table 1.
Finally, two objects (CZTau and V410TauX-ray 6,
both candidate passive disks) would be unambiguously char-
acterized as non-accretors in our survey except for the fact
that we detect significant [OI] emission at multiple epochs.
This is puzzling, as the line is usually a tracer of outflow,
which itself requires active accretion onto the central star.
Therefore the origin of this emission line in these objects is
uncertain. Besides the possibility of contamination by im-
properly corrected atmospheric airglow and/or background
emission from the surrounding molecular cloud, we note that
CZTau is an unresolved and unusual binary system, possi-
bly accounting for the line emission pattern (see Sect. 5.1).
Based on all other emission lines, we classify both objects as
”probably not accreting.”
5 DISCUSSION
5.1 Passive disks and flickering accretion in
Taurus
Overall, we have identified 7 non-accreting objects in our
sample. In particular, 6 out of the 9 candidate passive
disks are confirmed to be non-accretors. The remaining 3
sources in that sample either masqueraded as weak Hα emit-
ters whose broad line revealed their true nature (HQTau),
or display a strongly variable line strength, with peak-to-
trough ratios exceeding a factor of 4 (IQTau and V836Tau).
As it turns out, the historical EW measurements of these
latter two sources were obtained at epochs of weak line
emission, accounting for their initial classification. Unfor-
tunately, these historical measurements do not have corre-
sponding W10% estimates, so it remains impossible to de-
cide whether they were accreting or not at that time. The
only robust statement we can make is that those objects
were consistently accreting throughout our monitoring cam-
paign. Weeding out such objects from our initial sample of
candidate passive disks was one of the goals of our project.
Taken at face value, our campaign confirms the pas-
sive disk nature of the 6 objects with a confirmed disk but
no sign of accretion. However, all but two of these objects
are instead transition disks (CoKuTau 4 and V410TauX-
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Figure 7. Left: SEDs for all objects possessing a circumstellar disk but identified as non-accretors in our survey, with the exception of
CZTau. The gray spectrum is 3200K NextGen stellar model (Allard et al. 1997), while the dot-dashed curve is the SED for the ”median”
Taurus Class II source (Mathews et al. 2013). All SEDs are normalized to their J (1.25µm) flux for easier comparison. Right: SED for
CZTau compared to the 4 targets in our sample that possess a disk and have a spectral type within a half subclass of that CZTau.
Curves and normalization are as in the left panel. As expected, the accreting Class II sources scatter around the median SED, whereas
CZTau lies an order of magnitude higher in the mid-infrared.
ray 6; Luhman et al. 2010) or have extremely weak IR
excesses and, thus, best characterized as young debris
disks (V819Tau and RXJ04328+1735; Furlan et al. 2009;
Wahhaj et al. 2010; Hardy et al. 2015). None of these ob-
jects has an infrared excess out to ≈10µm (Figure 7), indi-
cating an absence of dust in the inner &1AU. The apparent
absence of accretion on the central star is therefore not sur-
prising.
The remaining two objects are cases in which interpre-
tation is muddled by multiplicity. FWTau is a triple sys-
tem in which the lone circumstellar disk is associated with
a substellar component Kraus et al. (2015) whereas the op-
tical spectra are dominated by the close pair consisting of
two disk-less WTTS. CZTau is a close (0.′′3) binary system
whose SED is not typical of Class II objects. Figure 7 shows
that, compared to other Class II sources with similar spectral
types in our sample, CZTau is characterized by a remarkably
strong mid-emission. Indeed, the bolometric luminosity of
the system is actually dominated by the mid-infrared emis-
sion from the system rather than the near-infrared. While
such a double-hump shape is often associated with edge-on
disk systems, CZTau is not under-luminous as is typical for
these special systems. Instead, CZTau is a member of the
small category of ”infrared companions”Chelli et al. (1988);
Koresko et al. (1997), as further confirmed by the strongly
wavelength-dependent flux ratio observed by McCabe et al.
(2006). Therefore, this is another case where the optical
light, which indicates no accretion, is associated with a dif-
ferent component than the infrared emission, which reveals
the presence of a disk.
In summary, our search for permanently non-accreting
full-fledged disks has led to a null result. While the existence
of passive disks has long been suggested, it appears that
sufficient scrutiny of each individual objects rules out this
particular configuration, at least in the Taurus star-forming
region. Instead, the 5–10 per cent occurrence rate suggested
by large surveys (e.g., McCabe et al. 2006; Herna´ndez et al.
2014; Petterson et al. 2014) probably consists of a combina-
tion of transition disks, debris (”anemic”) disks, and weak-
but-broad-line impostors in these regions.
On the other hand, the (presumably less evolved) pre-
transitional disks in our sample, LkCa 15 and UXTauA,
which are characterized by a mid-infrared deficit but signif-
icant near-infrared excess, were accreting at all epochs. In
other words, disks which extend inwards to the immediate
vicinity of the star always support ongoing accretion on the
central objects. In turn, this implies that the disk clearing
process is essentially simultaneous, in the sense that dust
is cleared out as soon as the accretion flow is halted (or
vice versa). From a physical standpoint, the implication is
that it is virtually impossible to hold a significant amount of
material from accreting on the central star, suggesting that
viscous evolution of the inner disk always dominates the dy-
namical state of the inner disk, irrespective of the how the
accretion flow is initially sustained.
A second goal of the survey was to identify objects
whose accretion was flickering, i.e., TTS that appear accret-
ing at times but not always. Focusing first on objects whose
Hα EW temporarily crosses the spectral type-dependent
threshold for accretion, a method that has been used in the
past to suggest flickering accretion (e.g., Murphy et al. 2011;
Riviere-Marichalar et al. 2015), we found 8 such objects in
our survey. Of these, six have a broad line as measured by
their W10% and thus the apparently weak line is induced
by self-absorption rather than by a pause in accretion. The
remaining object is DNTau whose Hα EW hovers around
the threshold, but has multiple detections of the He I 5876
emission line. The accretion status of this object was in-
dependently confirmed by spectropolarimetry (Donati et al.
2013). We interpret this objects as an example of the am-
biguous nature of any Hα-only criterion.
In conclusion, we did not identify any object that unam-
biguously experienced a temporary pause in accretion dur-
ing the course of our monitoring survey, suggesting that such
events are rare. Limiting the analysis to the 24 accreting ob-
jects with multiple observations in our survey, we obtained
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a total of 158 spectra. This implies an upper limit of 2.2 per
cent (95 per cent confidence level) for the duty cycle of accre-
tion ”gaps” in TTS, assuming all stars undergo such events.
No definitive example of a complete halt to the accretion
flow on a young star has been identified yet, although large
variations in accretion rates, traced both by line strength
and by indirect evidence of the accretion column passing in
front of the star, have been recorded in the case of AATau
(Bouvier et al. 2003, 2007). The inherent stochastic variabil-
ity of this and similar system precludes determining precisely
the duty cycle of such phenomenon. However, the stringent
upper limit on the duty cycle derived here may be so low
that it would make it unlikely to detect such an event for
any single object. In turn, this would imply that only ob-
jects in a particular state of evolution, possibly those close
to disk dissipation, can experience accretion ”gaps”.
5.2 On the use of Hα as an accretion
discriminator
The monitoring campaign that we have conducted allows
us to revisit in more depth the usefulness of the traditional
criteria based on the Hα emission line to assess the accretion
status of TTS.
First of all, we notice that the Hα EW is
over the spectral type-dependent threshold proposed by
Barrado y Navascue´s & Mart´ın (2003) in 83.5% (resp.
79.6%) of all individual spectra of confirmed (resp.) likely
accretors. The corresponding fraction of spectra whereW10%
exceeds 200 km.s−1 is 95.0% (resp. 89.6%). In other words,
roughly 10% and 20% of individual observations would lead
to an incorrect classification based only on the W10% and
EW criterion, respectively. In other words, the discrimitative
power of traditional Hα-based criteria is strong but imper-
fect. While the fractions quoted above could be biased due
to the make up of our sample, they provide a reasonable
order-of-magnitude estimate of the error rate of these cri-
teria. Since the initial reconnaissance of new, large young
stellar populations still often relies on low- to moderate-
resolution optical spectroscopy for practical reasons, it is
important to understand the limits inherent to the tradi-
tional Hα criteria. In particular, while the EW criterion has
a relatively uniform misclassification rate as a function of
spectral type, the W10% criterion only correctly senses ac-
cretion in less than two thirds of all objects with a spectral
type later than M3. We revisit below this issue.
To place our results in the broader context, we
have assembled a large sample of TTS with measured
Hα EW and/or W10% from the recent literature, specif-
ically using the results from Cieza et al. (2010, 2012),
Costigan et al. (2012), Nguyen et al. (2012), Manara et al.
(2013), Alcala´ et al. (2014), and Frasca et al. (2015). In each
of these studies, the accretion status of each object has been
determined based on both W10% estimates and the pres-
ence of other emission lines, essentially following the same
methodology as ours. We are interested in probing possi-
ble dependencies with stellar mass, but this quantity has
not always been estimated in these studies. Since deriving
the mass of TTS is a model-dependent proposition based on
placing the stars in the Hertzprung-Russell diagram (e.g.,
Hillenbrand & White 2004), the ideal approach would be to
use a uniform method to derive masses to all objects consid-
ered here. However, the availability of the necessary photom-
etry and spectral information is far from uniform, leading to
uncertainties. Furthermore, the impact of the detailed ac-
cretion history, activity, rotation and magnetic field on the
location of TTS in the HR diagram may be larger than previ-
ously thought (Baraffe et al. 2012; Somers & Pinsonneault
2014; Jackson & Jeffries 2014; Bouvier et al. 2016). While
we cannot escape these issues, we decided to adopt the stellar
masses adopted in the studies referred above whenever avail-
able. In all other cases, including for our sample, we used for
convenience the relationship between spectral type and stel-
lar mass proposed by Kirk & Myers (2011), which assume a
common system’s age of 1Myr for all targets. While uncer-
tainties on order 50 per cent are introduced, we are confi-
dent that the qualitative trends (or absence thereof) that we
find in our analysis are robust. However, we stress that un-
certainties on quantitative trends, particularly dependencies
on stellar mass, should be taken with caution.
Let us first consider the Hα EW, illustrated in the
left panel of Figure 8. While the criterion proposed by
Barrado y Navascue´s & Mart´ın (2003) marks the approxi-
mate transition between accretors and non-accretors, the
upper envelope of the non-accretors lies significantly above
the lower envelope of the accretors, by up to a factor of
∼2. In other words, there is no definitive EW discrimi-
nating threshold between accretors and non-accretors, as
we already pointed out from our own dataset. As illus-
trated in our survey, objects with weak, but broad, Hα
line underline the importance of moderate-to-high reso-
lution spectroscopy. Conversely, intense flares in disk-less
but chromospherically active TTS has occasionally led
some stars to cross the traditional accretion threshold (e.g.
Riviere-Marichalar et al. 2013). While this has been pointed
out in the past (e.g., Fang et al. 2013), this analysis con-
firms that there is a ”gray area” of overlap between accretors
and non-accretors based on Hα EW. This does not mean
that previous criteria are poor: only about 2% of all non-
accretors have an EW that exceeds the threshold proposed
by Barrado y Navascue´s & Mart´ın (2003), while about 13%
of all accretors fall below it. Therefore, both the purity and
completeness of this criterion are high, and it is very likely to
yield the correct classification for any one object. However,
applying it for a large sample is liable to produce a small
number of incorrectly-classified objects, especially bona fide
accretors masquerading as non-accretors. As an aside, we
note that the EW upper and lower envelopes for accretors
follows the same shape, indicating that the range of line EW
is independent of stellar mass, hence luminosity.
Similarly, we plot W10% as a function of stellar mass
for the same samples from the literature in the right panel
of Figure 8. Focusing first on the non-accretors, we find
no significant dependency of their W10% with stellar mass,
with a median value of ≈130 km.s−1, respectively. A hand-
ful of objects have much broader lines, up to &400 km.s−1,
but these are either known or suspected spectroscopic bina-
ries, for which line broadening is induced by the blending
of two lines that are shifted as a result of orbital motion
(e.g. Manara et al. 2013). The 90th and 95th percentiles (205
and 245 km.s−1, respectively) are in line with the previously
proposed upper limits (200-270 km.s−1 White & Basri 2003;
Natta et al. 2004). However, we emphasize that, once a suf-
ficiently large sample is gathered, no clear upper cut-off in
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Figure 8. Left: Hα EW measurement as a function of stellar mass for TTauri stars. Blue and red stars indicate the weighted average
(excluding upper limits) for accreting and non-accreting objects in our sample, respectively. Open symbols represent sample of WTTS,
CTTS and transition disks in multiple star-forming regions taken from the literature (Cieza et al. 2010, 2012; Costigan et al. 2012;
Nguyen et al. 2012; Manara et al. 2013; Alcala´ et al. 2014; Frasca et al. 2015). Dark green and orange symbols distinguish accreting
from non-accreting objects, the same classification taken from these studies. The dashed and dotted curves represent the EW accretion
criterion of Barrado y Navascue´s & Mart´ın (2003) and 20 times that value, respectively. Right: W10% Hα measurements as a function
of stellar mass and spectral type for TTauri stars. Symbols are the same as in the left panel. Objects for which only upper limits were
obtained in most epochs are shown as upper limits. The dot-dashed curve represents 1.5vff based on interpolated stellar radii from
Siess et al. (2000) and assuming free-fall from a distance of 5R⋆. The dashed line is the result of log-linear fit to all accretors.
the W10% associated with chromospheric activity appears,
so that outlier non-accretors can overlap with accretors in
W10%. This is especially true for the lower mass objects, with
M . 0.5M⊙, whereas a cleaner gap exists for M & 1M⊙.
This is in line with our finding that later type stars often
have narrow Hα lines while clearly accreting based on other
emission lines.
In summary, this analysis confirms that the Hα line
alone is an imperfect discriminator of accretion in TTS. Even
the use of W10% measurements, which has taken a larger
role in recent years, is insufficient to definitely assess the
accretion status of a given object, especially if its mass is
. 0.5M⊙. On the other hand, the discriminative power of
W10% is much higher forM⋆ & 1M⊙. Interpreting occasional
outliers from large-scale low-resolution optical surveys, the
usual first step in characterizing a new, distant star-forming
region, is therefore fraught with ambiguity and should be
done with great caution.
5.3 Hα as a quantitative tracer of the mass
accretion rate for TTS
5.3.1 Ensemble correlations
Many attempts have been made at converting the Hα line
properties into an estimate of the accretion rate on the cen-
tral star. While these efforts have not been very successful for
the EW because of other contributions to the line emission
(e.g., Antoniucci et al. 2011), Natta et al. (2004) first noted
that the line W10% is well correlated with the accretion rate,
a conclusion further supported by Herczeg & Hillenbrand
(2008) albeit with a different quantitative relationship. Here
we use the results of our survey, both at an ensemble level
and through temporal variations for individual objects, to
revisit this conclusion.
We first focus on the time-averaged W10% measure-
ments for accretors and find that a significant correlation
with stellar mass is evident in Figure 8. For instance, a
Spearman rank correlation test returns a false alarm prob-
ability, i.e., the probability that the quantities are not cor-
related, of p < 6.3 10−10. Assuming a simple log-linear fit
(W10%= α+β log(M⋆)), the ensemble of all accretors is char-
acterized by β ≈ 125 km.s−1 dex−1, with an intrinsic scat-
ter of ∼85 km.s−1 that is independent of stellar mass. To
evaluate the influence of our mass determination method,
we also repeated the same fit using only stars for which
stellar masses were derived from placing the stars in the
Hertzprung-Russell diagram in previous studies. This yields
a very similar slope of β ≈ 130 km.s−1 dex−1, confirming
that our simple method to estimate stellar masses does not
introduce significant biases in this correlation.
To interpret this correlation, one must keep in mind
that correlation does not imply causation. In particular,
separate correlations with a ”hidden” third quantity could
explain the observed correlation between stellar mass and
average W10%. A quantity that could naturally play such
a role is the stellar accretion rate, which has been found
to correlate with both stellar mass and W10%. The stellar
accretion rate has been found to follow a M˙acc ∝ M
2
⋆ re-
lationship (see Hartmann et al. 2016, for a recent compi-
lation), although there is a range of proposed power law
index depending on selected samples and methodologies
(Muzerolle et al. 2003; barentsen et al. 2011; Rigliaco et al.
2011; Venuti et al. 2014). Similarly, a log-linear relation-
ship has been found between the accretion rate and Hα
W10%, with log M˙acc ∝ [0.5..2]10
−2 W10% (Natta et al. 2004;
Herczeg & Hillenbrand 2008; Alcala´ et al. 2014). Notwith-
standing the caveat that this result is often based on non-
simultaneous measurements, combining those two depen-
dencies, one thus expects a correlation between W10% and
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logM⋆ characterized by a slope of [100 .. 400] km.s
−1 dex−1.
While this derivation is fraught with possible underlying bi-
ases, the slope that we observe in the W10%–M⋆ diagram is
thus consistent with previously derived correlations, leaving
open the question of the meaningfulness of this correlation.
Generally speaking, if three quantities are each corre-
lated with one another, it is most likely that one of the
correlations is merely a consequence of the other two, rather
than indicative of a physical causality. Here, the quantities
under consideration are stellar mass, stellar accretion rate
and Hα W10%. Arguably the most intuitive physical connec-
tion one might expect is between stellar mass and W10%. In
a schematic picture where mass accretion onto the central
star occurs near the free-fall velocity, one expects lower-mass
stars to have smaller accretion flow velocities. To explore this
possibility in a quantitative manner, we compute 1.5vff as
a reasonable proxy for the resulting line W10%. Indeed, only
the very extreme tails of the line profile can correspond to
velocities of ±vff and projection effects further reduce the
resulting radial velocity offsets as seen from the observer’s
point of view. We further assume that the free fall initi-
ates at a distance from the star of 5R⋆ following previous
studies (Gullbring et al. 1998) and adopt the stellar radii
from the evolutionary models of Siess et al. (2000). The re-
sulting stellar mass–W10% relationship is markedly steeper
(β ≈ 400 km.s−1 dex−1, see Figure 8) than the correlation
we observe, suggesting that the latter stems from a different
mechanism. This leads us to conclude the stellar mass–W10%
correlation is a good candidate for being a mere consequence
of other, physically grounded, correlations.
In turn, this analysis supports the idea that the stel-
lar accretion rate is correlated with both stellar mass
and W10%. While the debate about the physical inter-
pretation of the correlation between the first two quan-
tities is still ongoing, several possibilities have been pro-
posed (e.g., Alexander & Artmitage 2006; Gregory et al.
2006; Vorobyov & Basu 2008; Manara et al. 2016). On the
other hand, the physical explanation of the correlation be-
tween accretion rate and W10% remains elusive to the point
that some authors argue that there is no such mechanism
Hartmann et al. (2016). Furthermore, the fact that this cor-
relation is generally based on (often non-simultaneous) sin-
gle measurements of ensemble of stars invites caution in its
use to quantitatively estimate accretion rate in TTS, espe-
cially in the face of the large scatter in the observed cor-
relation (Fang et al. 2013; Alcala´ et al. 2014). Nonetheless,
because of the relative ease with which W10% can be mea-
sured, it is often used as a robust quantitative proxy for the
mass accretion rate. However, the validity of this approach
remains to be demonstrated.
5.3.2 Temporal variability of individual objects
We can take advantage of our multi-epoch monitoring cam-
paign to shed new light on the accretion rate–W10% correla-
tion by considering one star at a time. In doing so, we hold
fixed a number of potentially important parameters, such
as evolutionary state, structure of the inner disk and view-
ing geometry, whose large variety is likely responsible for a
Figure 9. EW and W10% Hα measurement for all objects in our
sample (colored diamonds) with at least two epochs where W10%
could be measured for all accretors in our sample; each color cor-
responds to a different target. Both quantities are normalized by
the weighted average for each object to focus on relative changes
in the line strength and overall width. For each target, the re-
sult of log-linear fits is also shown as a dashed line spanning the
same range of (normalized) EW for the target: objects with the
largest excursions in EW are associated to the longest lines. Gray
squares represent individual measurement by accretors studied in
Costigan et al. (2012); black dashed lines are similar log-linear
fits for these targets.
significant fraction of the scatter of ensemble correlations1.
We thus focus on the temporal variability of the line mea-
surements for each of the accreting TTS in our survey. This
subsample contains 23 objects, with a median of 7 obser-
vations per target. Although the relationship between line
profile and accretion rate is likely complex, comparing the
various observations of the same object alleviates many of
the uncertainties listed above. Specifically, if W10% is indeed
a good quantitative tracer of the accretion rate, fluctuations
inW10% would readily reveal fluctuations in M˙acc. The latter
is proportional to Lacc, itself correlated with the luminosity
of accretion-driven emission (but see Mendigut´ıa et al. 2015)
and thus we would expect W10% to be correlated with LHα.
While we have not measured that quantity, we note that the
continuum brightness variability due to changes in veiling for
most TTS are generally ≤50 per cent for non-outbursting
TTS (e.g., Stauffer et al. 2016), smaller than the amplitude
of the line EW fluctuations for most of the accretors in our
sample. Therefore, our EW measurements are a reasonable
proxy for the line luminosity. We may thus expect a positive
correlation between EW and W10%, which would be par-
tially attenuated if accretion variability induces significant,
correlated veiling changes Alencar & Batalha (2002).
Plotting every epoch for every target in an EW–W10%
diagram reveals a scatter plot with no obvious correlation.
This is consistent with the lack of obvious correlation be-
tween these quantities found by Costigan et al. (2012, 2014),
1 Temporal variability of the accretion rate can only account for
a fraction of the total scatter in such correlations (Venuti et al.
2014).
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for instance. However, since we are primarily interested in
relative changes in the line strength and widths, we proceed
to subtract (divide by) the weighted mean of allW10% (EW)
from each individual measurements. The results are shown in
Figure 9, in which we also plot the individual measurements
from Costigan et al. (2012). Despite the large scatter, we
find a strong correlation between the normalized EW and
W10% measurements, with a probability of being uncorre-
lated of less than 5–6 10−6 for both our dataset and that
of Costigan et al. (2012). Combining the two samples, the
null hypothesis that the two quantities are uncorrelated has
a probability of ≈ 10−10. In other words, for the vast ma-
jority of CTTS, when the Hα line becomes stronger, it gets
broader: the line profile changes in a correlated manner with
the line intensity.
The limited sample number of observations per star,
coupled with the limited amplitude in both line strength
and width, is such that the significance of a putative cor-
relation (as measured by a Spearman test, for instance) is
modest at best for each individual target. Nonetheless, given
the strong correlation over the entire sample, we proceed to
perform least-squares log-linear fitting to each target to es-
timate the slope of the W10%–log(EW) correlation, γ. The
resulting trend is systematically in the same direction, and
of similar slope, for all targets. The weighted average for
the correlation slopes over all accretors in our sample is
γ = 145 ± 10 km.s−1 dex−1, where the uncertainty is the
standard deviation of the mean. The scatter about the mean
is ≈ 140 km.s−1 for objects whose EW varies by at least
a factor of two within our campaign. Similarly, the sam-
ple of accretors monitored by Costigan et al. (2012) in the
Chamaeleon star-forming region has a similar mean value
(γCha = 145± 100 km.s
−1 dex−1, albeit with a larger intrin-
sic scatter of 300 km.s−1). The observed star-to-star scatter
is a factor of ≈ 3 higher than is expected given the formal
uncertainties on the log-linear fits, indicating that there is
an intrinsic diversity in the slope of this correlation, as well
as more complex variability patterns. Nonetheless, all but
two targets in our sample have a positive correlation. Com-
forted by the similarity between the Taurus and Chamaelon
samples, we conclude that the correlation between normal-
ized EW and W10% applies to accreting TTS at large and,
thus, reveals an underlying physical process.
We have found that the Hα line is characterized by a
larger W10% when it is stronger. Since this is not true for
simple amplitude fluctuations of a line following a Gaussian
profile, the shape of the line profile must be somehow cor-
related with the strength of the line itself. One way the line
profile can change is through changes in the level of self-
absorption of the line, whereby the line appears stronger
when absorption is reduced. However, if such changes oc-
cur without modification in the high-velocity wings, they
would result in a lower W10% since the line peak is then
higher. Therefore, increased line strength is correlated with
enhanced emission at high velocities. Enhanced mass loading
in the accretion funnels, resulting in more material traveling
near the free-fall velocity, is one mechanism to achieve this,
although we stress that the line radiative transfer problem in
this environment is sufficiently complex that qualitative ar-
guments may turn out to be overly simplistic. Unfortunately,
our moderate spectral resolution does not allow us to char-
acterize further the exact nature of the line profile change. A
high-resolution follow-up study would be necessary to probe
this aspect. Nonetheless, the discovery of the systematic cor-
relation of the Hα EW with its W10% is strongly suggestive
of the fact that changes in the accretion rate are directly
responsible for changes in W10%.
6 CONCLUSION
We have conducted a 12-month monitoring campaign of a
sample of 33 TTS in the Taurus star-forming region, all but
two of which host a circumstellar disk. These disks span the
range of protoplanetary disks, including full-fledged disks,
transition disks with inner holes, and ”anemic” disks with
only modest amount of circumstellar material. The sample
includes 9 objects whose previously measured Hα EW sug-
gest that they are non-accreting despite having circumstel-
lar dust, thus hinting at the possibility that their disk are
passive. We therefore set out to assess the accretion sta-
tus of these objects. An additional goal of our program is
to identify objects in which accretion flickers on and off on
timescales of days to 1 yr.
We have performed medium-resolution (R ∼ 2000-
5000) optical spectroscopy to measured the EW and W10%
of the Hα line. We use these measurements in combina-
tion with the presence of other emission lines to determine
whether each target was accreting at any epoch. Since our
methodology relies on lower resolution spectroscopy than is
typical in this context, we have used a grid of simulations
to demonstrate our ability to retrieve the intrinsic W10% of
even weak lines from spectra at that resolution. Through this
analysis, we have quantified the bias in W10% that is mainly
introduced by weak absorption features in the underlying
photospheric spectrum.
We established the accretion status of our target based
on an array of tracers included in our spectra but not the
Hα line in order to assess the reliability of the latter. We
find that the Hα line is stronger (wider) among accreting
TTS than the minimum thresholds that have been proposed
in the past in 80% (90%) of cases in our study, emphasizing
that the criteria are good but imperfect. As a result, ac-
cretion status derived from low-resolution Hα spectroscopy
are therefore fraught with a non-negligible fraction of errors,
which can have significant consequences when studying new,
distant young stellar populations.
Besides the two disk-less targets, we found 6 objects
that show no sign of accretion at any epoch during our sur-
vey. Two of these are associated with transition disks, and
two more with ”anemic” disks. In the first case, there is no
circumstellar material within the inner few AU, whereas in
the second one, the disk is better characterized as a debris
disk, explaining the lack of accretion. The remaining two
non-accreting disk-bearing systems are binary or high-order
multiple systems in which it is probable that the star found
to be not accreting is not the one having circumstellar mate-
rial. In summary, none of these systems is a full-fledged, non-
accreting protoplanetary disk. Furthermore, despite marked
line variability for all accreting TTS, we find no convincing
evidence for flickering accretion, allowing us to place a 2.2
percent upper limit on the duty cycle of accretions ”gaps” in
TTS if we assume that all TTS undergo such episodes.
Combining the average Hα measurements for all ob-
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jects in our sample with literature data, we further study
the imperfect nature of the Hα-based criteria to distinguish
accreting from non-accreting TTS. In particular, while the
W10% measurements of CTTS and WTTS are well sepa-
rated for objects whose mass is & 1M⊙, the two samples
overlap substantially in the low-mass regime. For CTTS,
we find a significant correlation between W10% and stellar
mass which does not seem to be related to the variation in
free-fall velocity, suggesting that both quantities are instead
independently correlated with a third quantity. The stellar
mass accretion rate is a plausible contender for playing such
a role.
We take advantage of the time series of our Hα mea-
surements for accreting objects to quantitatively study the
variability of the line. As in previous studies, we find that
most of the variability is established on timescales as short
as 3 d. We show that, for most accretors, the W10% of the
Hα line is positively correlated with its EW, with a slope
that is consistent from star to star. We also find similar av-
erage and dispersion of these slopes in a sample of CTTS in
Chamaeleon that have been similarly monitored. We infer
from this pervasive correlation that when variations of the
Hα line leads to a stronger total luminosity, it is associated
with enhanced emission in the high-velocity wings. Although
we cannot conclusively prove it with our data, we argue that
this is strong evidence in support of the hypothesis that the
mass accretion rate on the central star is directly correlated
with the Hα W10% and, thus, that the former can be used to
quantitatively estimate the latter. The physical mechanism
through which this correlation is established remains to be
explained. However, the similarity in the correlation slope
over two samples of CTTS suggests a common mechanism,
even though line profiles are highly object-dependent.
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